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MODULATION OF CHOLESTERYL ESTER
TRANSFER PROTEIN (CETP) ACTIVITY

This application is a division of U.S. application Ser. No.
08/945,289, filed Oct. 17, 1997, now U.S. Pat. No. 6,555,
113, which is a continuation-in-part of U.S. application Ser.
No. 08/432,483, filed May 1, 1995, now U.S. Pat. No.
6,410,022.

GENERAL FIELD OF THE INVENTION

This invention is generally in the field of peptide-based
vaccines to control, treat, or reduce the risk of atherogenic
activity in the circulatory system of humans and other
animals. In particular, this invention provides compositions
and methods for providing means to inhibit the activity of
endogenous cholesterol ester transfer protein (CETP) to treat
cardiovascular disease prophylactically or therapeutically or
to modulate the relative levels of lipoproteins to produce a
condition correlated with a reduced risk of cardiovascular
disease, such as atherosclerosis.

BACKGROUND OF THE INVENTION

Cholesterol circulates through the body predominantly as
components of lipoprotein particles (lipoproteins), which are
composed of a protein portion, called apolipoproteins (Apo)
and various lipids, including phospholipids, triglycerides,
cholesterol and cholesteryl esters. There are ten major
classes of apolipoproteins: Apo A-I, Apo A-II, Apo-1V, Apo
B48, Apo B-100, Apo C-1, Apo C-11, Apo C-III, Apo D, and
Apo E. Lipoproteins are classified by density and compo-
sition. For example, high density lipoproteins (HDL), one
function of which is to mediate transport of cholesterol from
peripheral tissues to the liver, have a density usually in the
range of approximately 1.063—1.21 g/ml. HDL contain vari-
ous amounts of Apo A-I Apo A-II Apo C-I Apo C-II, Apo
C-1II, Apo D, Apo E, as well as various amounts of lipids,
such as cholesterol, cholesteryl esters, phospholipids, and
triglycerides.

In contrast to HDL, low density lipoproteins (L.DL),
which generally have a density of approximately
1.019-1.063 g/ml, contain Apo B-100 in association with
various lipids. In particular, the amounts of the lipids,
cholesterol, and cholesteryl esters are considerably higher in
LDL than in HDL, when measured as a percentage of dry
mass. LDL are particularly important in delivering choles-
terol to peripheral tissues.

Very low density lipoproteins (VLDL) have a density of
approximately 0.95-1.006 g/ml and also differ in composi-
tion from other classes of lipoproteins both in their protein
and lipid content. VLDL generally have a much higher
amount of triglycerides than do HDL or LDL and are
particularly important in delivering endogenously synthe-
sized triglycerides from liver to adipose and other tissues.
The features and functions of various lipoproteins have been
reviewed (see, for example, Mathews, C. K. and van Holde,
K. E., Biochemistry, pp. 574-576, 626—630 (The Benjamin/
Cummings Publishing Co., Redwood City, Calif., 1990);
Havel, R. J., et al,, et al., “Introduction: Structure and
metabolism of plasma lipoproteins”, In The Metabolic Basis
of Inherited Disease 6th ed., pp. 1129-1138 (Scriver, C. R.,
et al., eds.) (McGraw-Hill Inc., New York, 1989); Zannis, V.
1., et al., “Genetic mutations affecting human lipoproteins,
their receptors, and their enzymes”, In Advances in Human
Genetics, Vol. 21, pp. 145-319 (Plenum Press, New York,
1993)).
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Decreased susceptibility to cardiovascular disease, such
as atherosclerosis, is generally correlated with increased
absolute levels of circulating HDL and also increased levels
of HDL relative to circulating levels of lower density
lipoproteins such as VLDL and LDL (see, e.g., Gordon, D.
J.,etal, N. Engl. J. Med., 321: 1311-1316 (1989); Castelli,
W. P, et al, J. Am. Med. Assoc., 256: 2835-2838 (1986);
Miller, N. E., et al., Am. Heart J., 113: 589-597 (1987); Tall
A. R, J. Clin. Invest., 89: 379-384 (1990); Tall, A. R., J.
Internal Med., 237: 5-12 (1995)).

Cholesteryl ester transport protein (CETP) mediates the
transfer of cholesteryl esters from HDL to TG-rich lipopro-
teins such as VLDL and LDL, and also the reciprocal
exchange of TG from VL.DL to HDL (Tall, A. R., J. Internal
Med., 237: 5-12 (1999); Tall, A. R., J. Lipid Res., 34:
1255-1274 (1993); Hesler, C. B., et al., J. Biol. Chem., 262:
2275-2282 (1987); Quig, D. W. et al.,, Ann. Rev. Nutr, 10:
169-193 (1990)). CETP may play a role in modulating the
levels of cholesteryl esters and triglyceride associated with
various classes of lipoproteins. A high CETP cholesteryl
ester transfer activity has been correlated with increased
levels of LDL-associated cholesterol and VLDL-associated
cholesterol, which in turn are correlated with increased risk
of cardiovascular disease (see, e.g., Tato, F., et al., Arterio-
scler. Thromb. Vascular Biol., 15: 112-120 (1995)).

Hereinafter, LDL-C will be used to refer to total choles-
terol including cholesteryl esters and/or unesterified choles-
terol associated with low density lipoprotein. VLDL-C will
be used to refer to total cholesterol including cholesteryl
esters and/or unesterified cholesterol, associated with very
low density lipoprotein. HDL-C will be used to refer to total
cholesterol including cholesteryl esters and/or unesterified
cholesterol associated with high density lipoprotein.

CETP isolated from human plasma is a hydrophobic
glycoprotein having 476 amino acids and a molecular
weight of approximately 66,000 to 74,000 daltons on
sodium dodecyl sulfate (SDS)-polyacrylamide gels (Albers,
J. 1., et al., Arteriosclerosis, 4: 49-58 (1984); Hesler, C. B.,
et al., J. Biol. Chem., 262: 2275-2282 (1987); Jarnagin, S.
S., etal., Proc. Natl. Acad. Sci. USA, 84: 1854-1857 (1987)).
A cDNA encoding human CETP has been cloned and
sequenced (Drayna, D., et al., Nature, 327: 632634 (1987)).
Polymorphism in human CETP has recently been reported
and may be associated with disease in lipid metabolism
(Fumeron et al., J. Clin. Invest., 96: 1664-1671 (1995);
Juvonen et al., J. Lipid Res., 36: 804-812 (1995)). CETP has
been shown to bind CE, TG, phospholipids (Barter, P. J. et
al., J. Lipid Res., 21:238-249 (1980)), and lipoproteins (see,
e.g., Swenson, T. L. et al, J Biol Chem., 264:
14318-14326 (1989)). More recently, the region of CETP
defined by the carboxyl terminal 26 amino acids, and in
particular amino acids 470 to 475, has been shown to be
especially important for neutral lipid binding involved in
neutral lipid transfer (Hesler, C. B, et al., J. Biol. Chem.,
263: 5020-5023 (1988)), but not phospholipid binding (see,
Wang, S., et al., J. Biol. Chem., 267: 17487-17490 (1992);
Wang, S., et al., J. Biol. Chem., 270: 612-618 (1995)).

A monoclonal antibody (Mab), TP2 (formerly designated
5C7 in the literature), has been produced which inhibits
completely the cholesteryl ester and triglyceride transfer
activity of CETP, and to a lesser extent the phospholipid
transfer activity (Hesler, C. B, et al., J. Biol. Chem., 263:
50205023 (1988)). The epitope of TP2 was localized to the
carboxyl terminal 26 amino acids, i.e., the amino acids from
arginine-451 to serine-476, of the 74,000 dalton human
CETP molecule (see, Hesler, C. B., et al., (1988)). TP2 was
reported to inhibit both human and rabbit CETP activity in
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vitro and rabbit CETP in vivo (Yen, F. T., et al., J. Clin.
Invest., 83: 2018-2024 (1989) (TP2 reacting with human
CETP); Whitlock et al., J. Clin. Invest., 84: 129137 (1989)
(TP2 reacting with rabbit CETP)). Further analysis of the
region of CETP bound by TP2 revealed that amino acids
between phenylalanine-463 and leucine-475 are necessary
for TP2 binding and for neutral lipid (e.g., cholesteryl ester)
transfer activity (see, Wang, S., et al., 1992).

A number of in vivo studies utilizing animal models or
humans have indicated that CETP activity can affect the
level of circulating cholesterol-containing HDL. Increased
CETP cholesteryl ester transfer activity can produce a
decrease in HDL-C levels relative to LDL-C and/or
VLDL-C levels which in turn is correlated with an increased
susceptibility to atherosclerosis. Injection of partially puri-
fied human CETP into rats (which normally lack CETP
activity), resulted in a shift of cholesteryl ester from HDL to
VLDL, consistent with CETP-promoted transfer of choles-
teryl ester from HDL to VLDL (Ha, Y. C., et al., Biochim.
Biophys. Acta, 833: 203-211 (1985); Ha, Y. C., et al., Comp.
Biochem. Physiol., 83B: 463-466 (1986); Gavish D, et al.,
J. Lipid Res., 28: 257-267 (1987)). Transgenic mice
expressing human CETP were reported to exhibit a signifi-
cant decrease in the level of cholesterol associated with HDL
(see, e.g., Hayek, T, et al., J. Clin. Invest., 90: 505-510
(1992); Breslow, J. L., et al., Proc. Natl. Acad. Sci. USA, 90:
8314-8318 (1993)). Furthermore, whereas wild-type mice
are normally highly resistant to atherosclerosis (Breslow, J.
L., et al, Proc. Natl. Acad. Sci. US4, 90: 8314-8318
(1993)), transgenic mice expressing a simian CETP were
reported to have an altered distribution of cholesterol asso-
ciated with lipoproteins, namely, elevated levels of LDL-C
and VLDL-C and decreased levels of HDL-C (Marotti K. R.,
et al., Nature, 364: 73—75 (1993)). Transgenic mice express-
ing simian CETP also were more susceptible to dietary-
induced severe atherosclerosis compared to non-expressing
control mice and developed atherosclerosis lesions in their
aortas significantly larger in area than those found in the
control animals and having a large, focal appearance more
typical of those found in atherosclerosis lesions in humans
(Marotti et al., id.). Intravenous infusion of anti-human
CETP monoclonal antibodies (Mab) into hamsters and rab-
bits inhibited CETP activity in vivo and resulted in signifi-
cantly increased levels of HDL-C levels, decreased levels of
HDL-triglyceride, and increased HDL size; again implicat-
ing a critical role for CETP in the distribution of cholesterol
in circulating lipoproteins (Gaynor, B. 1., et al., Atheroscle-
rosis, 110: 101-109 (1994) (hamsters); Whitlock, M. E., et
al., J. Clin. Invest., 84: 129-137 (1989) (rabbits)).

CETP deficiency has also been studied in humans. For
example, in certain familial studies in Japan, siblings that
were homozygous for non-functional alleles of the CETP
gene had no detectable CETP activity. Virtually no athero-
sclerosis plaques were exhibited by these individuals, who
also showed a trend toward longevity in their families (see,
e.g., Brown, M. L., et al., Nature, 342: 448-451 (1989);
Inazu, A., et al., N. Engl. J. Med., 323: 1234-1238 (1990);,
Bisgaier, C. L., et al., J. Lipid Res., 32: 21-23 (1991)). Such
homozygous CETP-deficient individuals also were shown to
have an anti-atherogenic lipoprotein profile as evidenced by
elevated levels of circulating HDL rich in cholesteryl ester,
as well as overall elevated levels of HDL, and exceptionally
large HDL, i.e., up to four to six times the size of normal
HDL (Brown, M. L., et al., 1989, p. 451). The frequency of
this mutation in Japan is relatively high, and may account for
an elevated level of HDL in a significant fraction of the
Japanese population.
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The above studies indicate that CETP plays a major role
in transferring cholesteryl ester from HDL to VLDL and
LDL, and thereby in altering the relative profile of circulat-
ing lipoproteins to one which is associated with an increased
risk of cardiovascular disease (e.g., decreased levels of
HDL-C and increased levels of VLDL-C and LDL-C).
Marotti et al. (above) interpreted their data as indicating that
a CETP-induced alteration in cholesterol distribution was
the principal reason that arterial lesions developed more
rapidly in transgenic, CETP-expressing mice than in non-
transgenic control mice when both groups were fed an
atherogenic diet. Taken together, the current evidence sug-
gests that increased levels of CETP activity may be predic-
tive of increased risk of cardiovascular disease. Modulation
or inhibition of endogenous CETP activity is thus an attrac-
tive therapeutic method for modulating the relative levels of
lipoproteins to reduce or prevent the progression of, or to
induce regression of, cardiovascular diseases, such as ath-
erosclerosis.

It would be advantageous, therefore, to discover com-
pounds and methods to control CETP activity which would
be helpful in preventing or treating cardiovascular disease.
To be an effective pharmacological therapeutic, a compound
when administered to a significant majority of recipients,
ideally, would not elicit an immune response which neutral-
izes the beneficial activity or effect of the therapeutic com-
pound, must not promote a hypersensitive state in the
individual receiving the therapeutic compound, and must not
produce untoward side effects. It would also be advanta-
geous if such compounds and methods avoided the necessity
for continuous or frequently repeated treatments.

SUMMARY OF THE INVENTION

This invention provides compounds and methods useful
for the modulation or inhibition of cholesteryl ester transfer
protein (CETP) activity. In particular, vaccine peptides are
described which, when administered to a mammal, raise an
antibody response against the mammal’s own endogenous
CETP thereby promoting a prophylactic or therapeutic effect
against cardiovascular disease, such as atherosclerosis. Such
vaccine peptides comprise a helper T cell epitope portion
comprising a “universal” or “broad range” immunogenic
helper T cell epitope, linked, preferably covalently, to a B
cell epitope portion comprising one or more B cell epitopes
from CETP, such as found in the carboxyl terminal portion
of human CETP protein that is involved in a neutral lipid
binding or a transfer activity of CETP. Other B cell epitopes
from CETP may also be used. Preferably, the B cell epitopes
from CETP used in the B cell epitope portion of the vaccine
peptides of this invention induce antibodies to endogenous
CETP (autoreactive antibodies) which either block CETP
function or lead to clearance of circulating CETP in the
blood. In addition, the B cell epitopes used in the vaccine
peptides of this invention preferably do not also comprise a
T cell epitope of CETP so that the possibility of T cell-
mediated autoimmune liver damage is avoided.

The vaccine peptides of this invention include various
“multivalent” embodiments. For example, multivalent pep-
tides present the immune system with more than a single
universal or broad range helper T cell or B cell epitope. Such
multivalent vaccine peptides include those which have mul-
tiple (two or more) copies of the same or different universal
or broad range immunogenic helper T cell epitope and/or
multiple copies of the same or different B cell epitope from
the CETP protein. Those peptides having more than one
unique B cell epitope to which different antibodies can bind
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may promote the formation of immune complexes to effec-
tively clear CETP from the circulatory system.

In a preferred embodiment, the helper T cell epitope
portion of a vaccine peptide of this invention is derived from
an amino acid sequence of a universally (broad range)
immunogenic helper T cell epitope, such as those found in
tetanus and diptheria toxoids, or in antigenic peptides known
from pertussis vaccine, Bacile Calmette-Guerin (BCG),
polio vaccine, measles vaccine, mumps vaccine, rubella
vaccine, purified protein derivative (PPD) of tuberculin,
Mycobacterium tuberculosis hsp-70, and keyhole limpet
hemocyanin. Furthermore, various universal (or broad
range) antigenic helper T cell epitopes may be linked to one
another to form multiple (i.e., multivalent) universal anti-
genic helper T cell epitope portions of the vaccine peptides
of this invention.

In a more preferred embodiment of a vaccine peptide of
this invention, an amino terminal cysteine residue is
covalently linked to an amino acid sequence of a broad range
or universal antigenic helper T cell epitope of tetanus toxoid
forming the sequence CQYIKANSKFIGITE (amino
acids 1 to 15 of SEQ ID NO:2), which is covalently linked
to a B cell epitope portion of a vaccine peptide having the
carboxyl terminal CETP amino acid sequence F G F PE H
LLVDFLQSLS (amino acids 16 to 31 of SEQ ID NO:2).

In another preferred embodiment, a multivalent vaccine
peptide comprises an amino acid sequence of a broad range
or universal antigenic helper T cell epitope of tetanus toxoid,
which in turn is covalently linked to a B cell epitope portion
consisting of two B cell epitopes of CETP. In one such
preferred embodiment of this invention, the multivalent
vaccine peptide has the amino acid sequence of SEQ ID
NO8:CQYIKANSKFIGITELFPRPDQQH
SVAYTFEEDIFGFPEHLLVDFLQSLS
in which an amino terminal cysteine is linked to a T cell
epitope from tetanus toxoid (amino acids 2 to 15 of SEQ ID
NO:8) linked to an amino acid sequence containing two B
cell epitopes of human CETP, i.e., amino acids 349 to 367
and amino acids 461 to 476 of the amino acid sequence for
mature human CETP (SEQ ID NO:4). In still another
preferred embodiment of this invention, a multivalent vac-
cine peptide of this invention contains B cell epitopes from
the homologous regions of the rabbit CETP (i.e., amino
acids 350 to 368 and 481 to 496 of SEQ ID NO:6) and has
the amino acid sequence of SEQ IDNO:9: MQYIKAN
SKFIGITERFPRPDGREAVAYRFEED
IFGFPKHLLVDFLQSLS, in which an amino
terminal methionine is linked to a T cell epitope from tetanus
toxoid (amino acids 2 to 15 of SEQ ID NO:8) which is
linked to an amino acid sequence containing the two B cell
epitopes from rabbit CETP.

The peptides of this invention may also be linked to one
another via a bifunctional linker molecule or a peptide linker
molecule having minimal or no immunogenicity. In addi-
tion, the peptides may be linked to a common molecule to
form peptide assemblies in which multiple copies of the
peptides are arranged close to one another. Such multicopy
(multivalent) peptide assemblies may be more immuno-
genic, that is, produce a more effective immune response to
endogenous CETP than vaccines comprising unassociated
individual peptides.

The vaccine compounds of this invention also may be
used in combination with a pharmaceutically acceptable
adjuvant.

The immunogenic vaccine peptides of this invention elicit
the production of antibodies that are reactive with or rec-
ognize endogenous CETP. Administration of vaccine pep-
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tides to test animals resulted in a decline in the relative levels
of total cholesterol and HDL-C and resulted in a decrease in
the development of atherosclerosis lesions. The elicited
endogenous anti-CETP antibodies thus promote a physi-
ological condition correlated with decreased risk of cardio-
vascular disease, and they appear to have a direct effect on
preventing or decreasing the formation of atherosclerosis
plaques.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1. Flow chart of the protocol for administration of a
vaccine peptide to (vaccination of) rabbits and for withdraw-
ing blood samples for analysis of vaccine efficacy. A control
rabbit received no vaccine peptide.

FIG. 2. Optical density (O.D.) at 450 nm versus plasma
dilution based on ELISA for anti-CETP antibody binding to
recombinant CETP in diluted plasma samples taken from
rabbits (rb#1-#4) on Day 70. Open square (rabbit rb#4)
refers to the plasma of a rabbit not administered the vaccine
peptide (control). Solid square, circle, and diamond refer to
rabbits rb#1, #2, and #3, respectively, which were adminis-
tered a vaccine peptide having the amino acid sequence of
SEQ ID NO:2.

FIG. 3. Optical density (O.D.) at 450 nm versus plasma
dilution for blood plasma samples from rabbits (rb#1-#4,
see description of FIG. 2, above) based on competitive
ELISA for inhibition of monoclonal antibody (Mab) TP2
binding to recombinant human CETP by anti-CETP anti-
body in diluted rabbit blood plasma samples taken on Day
70.

FIG. 4. Concentration of total cholesterol (mg/dl) in
plasma samples of rabbits (rb#1-#4, see description of FIG.
2, above) versus time (Days) in vaccination protocol.

FIG. 5. Concentration of HDL-C (mg/dl) in plasma
samples of rabbits (rb#1-+#4, see description of FIG. 2,
above) versus time (Days) in vaccination protocol

FIG. 6. Ratio Non-HDL/HDL in New Zealand white
rabbits on Day 70. Control non-vaccinated rabbit (N=1)
rb#4 (solid bar); average (N=3) of vaccinated rabbits rb#1,
2, and 3 (hatched).

FIG. 7. Optical density (O.D.) at 450 nm versus plasma
dilution (semi-logarithmic graph) based on ELISA for anti-
CETP antibody binding to recombinant CETP in diluted
plasma samples taken from human CETP-transgenic mice
on Day 70 in the vaccination protocol The data for each
mouse administered a vaccine peptide having the amino acid
sequence of SEQ ID NO:2 is indicated by “+” and a solid
line. Data for each control mouse is indicated by “x” and a
dashed line. Plasma dilutions spanned a range of 1:10 to
1:1,000,000 (1E+1 to 1E+6).

FIGS. 8A and 8B. Typical plots of Hydrophilicity, Surface
Probability, Antigenic Index, and Amphilic Helix (FIG. 8A)
and Amphiphilic Sheets and Secondary Structure (FIG. 8B)
for mature human CETP.

FIG. 9. Antibody titer to recombinant human CETP from
Groups [ and II of Atherosclerosis Model based on ELISA
OD at 405 nm versus rabbit plasma dilution.

FIGS. 10A and 10B. Rabbit plasma antibody titers to
rabbit CETP in Atherosclerosis Model based on ELISA
Pre-vaccination plasma (FIG. 10A). Post-vaccination
plasma (FIG. 10B). OD at 405 nm versus rabbit plasma
dilution.

FIG. 11. Total cholesterol in pre- and post-vaccinated
animals in Atherosclerosis Model. Total cholesterol (mg/dl)
versus day and group.
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FIG. 12. HDL-C in pre- and post-vaccinated animals in
Atherosclerosis Model. HDL-C (mg/dl) versus day and
group.

FIG. 13. Bar graphs of the average percent of total area of
aorta covered by atherosclerosis lesions in vaccinated and
control rabbits on cholesterol supplemented diets. Individual
data points (diamonds), average percent of aortic area cov-
ered by lesions (shaded bar), standard deviation of data
points (open bar), p<0.01 indicates statistical significance
between bar graphs.

DETAILED DESCRIPTION OF THE
INVENTION

As noted above, a decreased risk of atherosclerosis has
been correlated with relatively low circulating levels of LDL
and VLDL and relatively high levels of HDL. The levels of
such circulating lipoproteins are directly influenced, at least
in part, by the endogenous levels of CETP activity. In
particular, high CETP activity promotes transfer of neutral
lipids, such as cholesteryl esters from HDL to VLDL and
LDL. Accordingly, CETP is a relatively precise target in
humans and other animals for altering the relative levels of
LDL, VLDL and HDL in the circulatory system (see, e.g.,
Tato, F., et al., Arteriosclero. Thromb. Vascular Biol., 15:
112-120 (1995); Tall, A. R., J. Internal Med., 237: 5-12
(1995)). This invention is directed to the control of endog-
enous CETP activity by providing CETP vaccine peptides
useful for promoting an immune response in individuals
against their endogenous CETP, thereby promoting a physi-
ological condition, e.g., increased level of HDL or decreased
level of LDL, correlated with a decreased risk of athero-
sclerosis. In addition, promoting an immune response
against endogenous CETP using the vaccine peptides of this
invention can provide, prevent, or inhibit the progression of
lesions in tissue susceptible to atherosclerosis.

1. Peptides and Compositions for Modulation of CETP
Activity

As used herein, a CETP vaccine peptide is a peptide
comprising a helper T cell epitope portion comprising an
amino acid sequence of a universal (i.e., broad range)
antigenic helper T cell epitope and a B cell epitope portion
comprising an amino acid sequence of a B cell epitope of
CETP, such as the carboxyl terminal region of CETP
involved in neutral lipid binding and/or neutral lipid transfer
activity. Such CETP vaccine peptides are antigenic, that is,
they elicit production of specific antibodies for that peptide
which bind endogenous CETP. Thus, the CETP vaccine
peptides of this invention are immunogenic moieties that
have the capacity to stimulate the formation of antibodies
which specifically bind endogenous CETP and/or inhibit
endogenous CETP activity.

A. Helper T Cell Epitope Portion of Vaccine Peptides
Peptides useful in the compositions and methods of this
invention comprise a helper T cell epitope portion and a B
cell epitope portion. The helper T cell epitope portion (or
simply, “T cell epitope portion”) has an amino acid sequence
derived from at least one universal antigenic (or universal
immunogenic or broad range) helper T cell epitope (also
called an immunogenic carrier peptide), which is defined as
a peptide, or derivative thereof which can be presented by
multiple major histocompatibility complex (MHC) haplo-
types and thereby activate helper T cells, which in turn,
stimulate B cell growth and differentiation. As discussed
further below, the B cell epitope portion (also called a
CETP-related peptide portion) of the vaccine peptides
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described herein has an amino acid sequence comprising a
B cell epitope of the CETP protein, such as a portion of the
carboxyl terminal region of the enzyme CETP that is
involved in neutral lipid binding and/or neutral lipid transfer.

Examples of what are termed “universal” or “broad
range” antigenic helper T cell epitopes which have been
used as immunogenic carrier peptides for human vaccination
are known in the art. These include, for example, epitopes of
tetanus toxoid (tt) and diptheria toxoid (dt) (see, e.g.,
Panina-Bordignon, P, et al., Eur J. Immunol., 19:
2237-2242 (1989) (characterization of universal tetanus
toxoid helper T cell epitope peptides); Etlinger, H., Immu-
nol. Today, 13: 52-55 (1992); Valmori, D., et al., J. Immu-
nol., 149: 717-721 (1992) (use of universal tt epitopes in
candidate anti-malarial vaccine); Talwar, G. P., et al., Proc.
Natl. Acad. Sci. US4, 91: 8532-8536 (1994) (use of tt and
dt as universal epitopes in anti-human chorionic gonadot-
ropin vaccine); Talwar, G. P, et al., Proc. Natl. Acad. Sci.
US4, 91: 8532-8536 (1994)). In addition to tt and dt, other
helper T cell epitope sequences useful in this invention
include those derived from antigenic peptides known from
pertussis vaccine, Bacile Calmette-Guerin (BCG), polio
vaccine, measles vaccine, mumps vaccine, rubella vaccine,
and purified protein derivative (PPD) of tuberculin (see, e.g.,
Etlinger, H., Immunol. Today, 13: 52-55 (1992)); incorpo-
rated herein by reference). Furthermore, two or more copies
of the same or various different universal antigenic helper T
cell epitopes may be linked to one another to form multiple
or multivalent helper T cell epitope portions of the vaccine
peptides of this invention. For example, a vaccine peptide of
this invention can be synthesized containing a multiple or
multivalent helper T cell epitope portion comprising an
amino acid sequence of a tt helper T cell epitope and a dt
helper T cell epitope.

In addition, immunogenicity of a vaccine peptide of this
invention may be further enhanced by ling the helper T cell
epitope portion to a peptide sequence of a xenogeneic CETP
or a related protein homologous to CETP. Such an approach
was used previously in a human vaccine to human chorionic
gonadotropin (see, Talwar, G. P, et al., Proc. Natl. Acad. Sci.
USA., 91: 8532-8536 (1994)); heterospecies dimer formed
between an amino acid sequence from [ subunit of human
chorionic gonadotropin and an amino acid sequence of o
subunit of ovine luteinizing hormone). Examples of proteins
related to CETP that might be used in this approach include,
for example, phospholipid transfer protein and neutrophil
bactericidal protein (see, Day, I. R., et al., J. Biol. Chem.,
269: 9388-91 (1994); Gray, P. W., et al., J. Biol. Chem., 264:
9505-9509 (1989)).

Other immunogenic carrier molecules such as keyhole
limpet hemocyanin (KLH) may also be used alone or in
combination with other universal antigenic helper T cell
epitopes. For example, KLH contains multiple lysine resi-
dues in its amino acid sequence. Each of these lysines is a
potential site at which a vaccine peptide described herein
could be liked (for example, maleimide-activated KLH
Catalog No. 77106, Pierce, Rockford, I11.). Such an arrange-
ment is a vaccine peptide assembly that is extensively
multivalent for both helper T cell epitopes (i.e., those helper
T cell epitopes of the KLH amino acid sequence in combi-
nation with those helper T cell epitopes of the multiple
copies of the attached vaccine peptides) and B cell epitopes
of CETP (i.e., those B cell epitopes of CETP in the multiple
copies of the vaccine peptides attached to the KLLH amino
acid sequence).

Recently, another immunogenic carrier molecule, hsp70
from Mycobacterium tuberculosis, has been shown to be an
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especially potent antigen containing multiple B and T cell
epitopes (Suzue and Young, )J. Immunol., 156: 873-879
(1996)). The hsp70 protein can be linked by standard
cross-liking agents to vaccine peptides of this invention to
enhance immunogenicity. Alternatively, nucleic acid mol-
ecules coding for vaccine peptides of this invention can be
inserted into an expression vector which permits the expres-
sion of a recombinant protein consisting of the vaccine
peptide fused to the amino terminus of hsp70.

Preferably, the helper T cell epitope portion of the vaccine
peptides of this invention comprises a universal antigenic tt
or dt helper T cell epitope. In a more preferred embodiment,
the peptides of this application use universal antigenic tt
helper T cell epitopes having amino acid sequences Q Y I K
ANSKFIGITE (amino acids 2 to 15 of SEQ ID NO:2)
andFNNFTVSFWLRVPKVSASHLE (SEQ
1D NO:3). Most preferably, the peptides of this invention use
the universal antigenic tt helper T cell epitope having the
amino acid sequence Q YIKANSKFIGITE (amino
acids 2 to 15 of SEQ ID NO:2).

In addition to the various examples of helper T cell
epitopes discussed above, whether another peptide or pro-
tein is useful as a helper T cell epitope for the T cell epitope
portion of the vaccine peptides of this invention can be
determined using a standard proliferation assay for class 11
(helper) T cell epitopes (see, for example, pages
3.12.9-3.12.14, In Current Protocols in Immunology, Vol. 1
(Coligan et al., eds.) (John Wiley & Sons, Inc., New York,
N.Y,, 1994)).

B. B Cell Epitope (CETP-Related) Portion of Vaccine Pep-
tides

The B cell epitope portion of the vaccine peptides
described herein comprise one or more B cell epitopes of the
CETP protein endogenous to the vaccinated mammal, or one
or more B cell epitopes of a CETP different from the
endogenous CETP but which is immunologically (antibody)
cross reactive with the endogenous CETP.

The B cell epitope portion of the vaccine peptides of this
invention may comprise one or more B cell epitopes of the
endogenous CETP of the individual to be vaccinated for
raising antibodies that inhibit the endogenous CETP activity.
However, it is also within the scope of this invention that the
B cell epitope portion of the vaccine peptides of this
invention comprise B cell epitopes of CETP molecules that
are similar, but not identical to the endogenous CETP of the
individual to be vaccinated. Certain B cell epitopes of such
similar, but non-identical, CETP proteins may contain
epitopes which enhance the immune response in the vacci-
nated individual. Generally, CETP molecules which have
amino acid sequences that are at least approximately 80
percent homologous to the endogenous CETP may be used
as a source of B cell epitopes in the B cell epitope portion
of the vaccine peptides of this invention. As an example, the
rabbit and human CETP proteins have an amino acid
sequence homology of approximately 80 percent. The
mature rabbit CETP has the amino acid sequence of SEQ ID
NO:6 and the mature human CETP from liver has the amino
acid sequence of SEQ ID NO:4. Accordingly, in an example
of such an embodiment of the vaccine peptides of this
invention, the B cell epitope portion comprises one or more
B cell epitopes of a rabbit and/or a human CETP, and such
a vaccine peptide may be used in either rabbits or humans to
inhibit the endogenous CETP activity.

In addition, the B cell epitope portion of the vaccine
peptides of this invention comprises a portion of the amino
acid sequence of the mature CETP protein (SEQ ID NO: 4)
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consisting of at least 6 amino acid sequences in length and
which does not significantly, if at all, stimulate T cell
proliferation in vitro.

In a preferred embodiment, the vaccine peptides of this
invention have multivalent B cell epitope portions of vac-
cine peptides of this invention which comprise two or more
different B cell epitopes of CETP. Such multivalent helper T
cell epitope portions are especially preferred because they
present multiple target sites at which elicited antibodies can
bind to the endogenous CETP thereby promoting more
extensive immune complex formation and/or the likelihood
of inhibiting CETP cholesteryl transfer activity.

In addition, it is preferred that a B cell epitope portion of
the vaccine peptides should not comprise a B cell epitope
which also comprises a T cell epitope that can be presented
by endogenous MHC class I molecules. Such T cell epitopes
of CETP could be presented on the surface of hepatocytes in
the context of MHC class I and elicit a cytotoxic T cell
response and thereby damage liver tissue. Whether a par-
ticular CETP B cell epitope comprises a class I T cell epitope
can be determined using a standard cytotoxic T cell assay
(see, for example, pages 3.11.4-3.11.7, In Current Protocols
in Immunology, Vol. 1 (John Wiley & Sons, Inc., New York,
N.Y.,, 1994)).

In another embodiment, the B cell epitope portion of the
vaccine peptides of this invention comprises the carboxyl
terminal 26 amino acids of human CETP (see SEQ ID NO:1)
or fragments thereof that retain a conformation or an activity
of the carboxyl terminal 26 amino acid region of CETP, e.g.,
fragments of the CETP carboxyl terminus which are at least
six consecutive amino acids in length and which are
involved in specific neutral lipid binding and/or specific
neutral lipid transfer activity of CETP. More preferably, the
B cell epitope (or CETP-related) portion of the vaccine
peptides of this invention comprises any fragment of the
carboxyl terminal region of CETP which is at least eleven
consecutive amino acids in length, which retains the con-
formation of the carboxyl terminal 26 amino acid region of
CETP, which is involved in the neutral lipid binding and/or
transfer activity of CETP, and which is accessible to anti-
body binding (see, e.g., Wang, S., et al., J. Biol. Chem., 267:
17487-17490 (1992); Wang, S., et al., J. Biol. Chem., 268:
1955-1959 (1993)). In addition, several Mabs have been
generated to this region, including the Mab TP2, that block
function of human CETP and also rabbit CETP, implying
that this epitope is conserved by human and rabbit CETP
proteins (Whitlock et al., J. Clin. Invest, 84: 129-137
(1989). This is confirmed by the fact that the carboxyl
terminal 22 amino acids of human and rabbit CETP differ at
only one position, i.e., the glutamic acid residue at position
465 in the amino acid sequence of human CETP in SEQ ID
NO: 4 is replaced with a lysine at the homologous position
(position 485) in the rabbit sequence (SEQ ID NO:6; see
also, Nagashima et al., J. Lipid Res., 29: 1643—-1649 (1988)).

Alternatively, the B cell epitope portion comprises a
derivative of the carboxyl terminal 26 amino acid region of
CETP containing amino acid changes (deletions, additions
or substitutions) that do not significantly alter or destroy the
neutral lipid binding or transfer activity of CETP (see, Wang
etal., id., (1992); Wang et al., id., (1993)). Such changes in
the amino acid sequence of a targeted endogenous CETP
include, but are not linked to, what are generally known as
conservative amino acid substitutions, such as substituting
an amino acid of the CETP sequence with another of similar
structure, charge, or hydrophobicity. Any addition or sub-
stitution to the CETP sequence that maintains neutral lipid
binding and/or transfer activity, but improves stability in
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vivo or in situ, improves purification, or provides cross-
lining sites (e.g., via cysteine-cysteine disulfide bond for-
mation) is also useful in the design of a vaccine peptide of
this invention.

Because CETP-mediated transfer of neutral lipids neces-
sarily requires binding of the neutral lipid (e.g., triglycer-
ides, cholesteryl ester), portions of the amino acid sequence
of CETP that are involved in neutral lipid binding are also
useful in designing the vaccine peptides of this invention.
Some portions of the amino acid sequence of CETP used to
design the vaccine peptides of this invention may be
involved in both neutral lipid binding as well as the actual
catalytic neutral lipid transfer site of CETP. Recent evidence
suggests that CETP contains separate binding sites for
cholesteryl ester and triglycerides (Melchior, G. W., et al., J.
Biol. Chem., 270: 21068-21074 (1995)). Accordingly, incor-
porating the amino acid sequence for a specific lipid binding
site into a vaccine peptide may provide a means to modulate
CETP interactions with that specific lipid thereby promoting
an anti-atherogenic profile even though the elicited antibod-
ies to CETP do not promote clearance (reduce serum half-
life) of circulating CETP. For instance, to modulate triglyc-
eride content of HDL specifically, a B cell epitope derived
from the trigylceride binding region of CETP could be
incorporated into the B cell epitope portion of a vaccine
peptide of this invention. Similarly, to modulate cholesteryl
ester content of HDL specifically, a B cell epitope derived
from the cholesteryl ester binding region of CETP could be
incorporated into the design of a vaccine peptide of this
invention. Such vaccine peptides are thus designed to elicit
antibodies which block specific lipid binding sites on CETP
and thereby influence the specific lipid transferred between
HDL and CETP.

Also useful are amino acid sequences of CETP that are at
least six consecutive amino acids in length, a minimal size
of an epitope in a protein (see, e.g., Watson et al., Molecular
Biology of the Gene, 4th edition, page 836 (The Benjamin/
Cummings Publishing Co., Inc., Menlo Park, Calif., 1987),
and more preferably, that are at least eleven consecutive
amino acids in length of the carboxyl terminal 26 amino acid
region of CETP encoded by any naturally occurring poly-
morphisms of the CETP gene.

CETP molecules of known amino acid sequence can be
analyzed for the location of potential B cell epitopes using
algorithms which can identify potential antigenic motifs in
the amino acid sequence. For example, by combining analy-
ses of plots of hydrophilicity, surface probability, amphilic
helix, amphiphilic sheets and secondary structure (FIGS. 8A
and 8B), an Antigenic Index (see FIG. 8A) of the entire
protein’s amino acid sequence can be derived leading to
identification of B cell epitopes potentially useful in the
vaccine peptides of this invention.

Methods for testing CETP molecules for neutral lipid
binding or their effect on neutral lipid transfer activity are
well known in the art, (see, e.g., Swenson, T. L., et al., J.
Biol. Chem., 263: 5150-5157 (1988) (assay for lipid bind-
ing); Hesler, C. B, et al., J. Biol. Chem., 262: 2275-2282
(1987) (assay for lipid transfer); Bisgaier, C. L., et al., J.
Lipid Res., 34: 1625-1634 (1993) (use of fluorescent cho-
lesteryl ester microemulsions in CETP-mediated cholesteryl
transfer activity assay); Gaynor, B. ., et al., Atherosclerosis,
110: 101-109 (1994) (assay for CETP lipid transfer); Wang
et al. (1992) (assaying deletion mutants of CETP for transfer
activity); Wang et al., (1993) (assaying single amino acid
mutant forms of CETP); incorporated herein by reference).

20

25

30

35

40

45

50

55

60

65

12

Assays for the transfer activity of CETP are also commer-
cially available (e.g., CETP functional assay by Diagnescent
Technologies, Yonkers, N.Y.).

Preferably, the B cell epitope portion of the CETP vaccine
peptides of this invention comprises the amino acid
sequence the amino acid sequence LFPRPDQQHSYV
AY TFEE DI (amino acids 16 to 34 of SEQ ID NO:8)
and/or the amino acid sequence FGFPEHLLVDFL
Q S L S (amino acids 35 to 50 of SEQ ID NO:8).

C. Production of Vaccine Peptides

The helper T cell epitope and the B cell epitope (CETP-
related) portions of the CETP vaccine peptides of this
invention are linked together to form immunogenic moi-
eties. The helper T cell epitope and B cell epitope portions
may be covalently linked, directly (e.g., via a peptide bond)
or via a cross-linking molecule. Where cross-lining mol-
ecules are used, they must join the helper T cell epitope and
B cell epitope portions of the vaccine peptide together
without making the peptide toxic or significantly interfering
with or reducing the overall immunogenicity of the vaccine
peptide. Suitable cross linking molecules include amino
acids, for example, using one or more glycine residues to
form a “glycine bridge” between the helper T cell epitope
and B cell epitope portions of the vaccine peptides of this
invention. Also contemplated are the formation of disulfide
bonds between cysteine residues that have been added to the
helper T cell epitope and B cell epitope portions, or the use
of cross-linking molecules such as glutaraldehyde (Korn, A.
H., et al., J. Mol. Biol, 65: 525-529 (1972)) and EDC
(Pierce, Rockford, Ill.) or other bifunctional cross-linker
molecules to link a helper T cell epitope portion to a B cell
epitope portion. Bifunctional cross-linker molecules possess
two distinct reactive sites; one of the reactive sites can be
reacted with a functional group on the helper T cell epitope
portion to form a covalent linkage and the other reactive site
can be reacted with a functional group on a B cell epitope
portion to form another covalent linkage, uniting the two
portions. General methods for cross-linking molecules are
reviewed by Means and Feeney (Bioconjugate Chem., 1:
2-12 (1990)).

Homobifunctional cross-linker molecules have two reac-
tive sites which are chemically the same. Examples of
homobifunctional cross-linker molecules include glutaral-
dehyde;  N,N'-bis(3-maleimido-propionyl)2-hydroxy-1,3-
propanediol (a sulthydryl-specific homobifunctional cross-
linker); certain N-succinimide esters, such as disuccinimidyl
suberate and dithio-bis-(succinimidy] propionate) and their
soluble bis-sulfonic acids and salts (e.g., as available from
Pierce Chemicals, Rockford, I11.; Sigma Chemical Co., St.
Louis, Mo.). For this embodiment, the relative concentra-
tions of helper T cell epitope and B cell epitope portions
should be adjusted to maize the number of helper T cell
epitope and B cell epitope portions that are linked together
and to minimize the linking of identical epitope portions to
each other (i.e., to avoid, for example, helper T cell epitope-
helper T cell epitope or B cell epitope-B cell epitope
homodimer formation).

Preferably, the bifunctional cross-linker molecule is a
heterobifunctional linker molecule, meaning that the linker
molecule has at least two reactive sites that can be separately
covalently attached to a T cell epitope and a B cell epitope.
Use of such heterobifunctional linker molecules permits
chemically separate and stepwise addition (vectorial conju-
gation) of each of the reactive sites of the linker molecule to
the helper T cell and B cell epitope portions of the vaccine
peptide. Heterobifunctional cross-linker molecules that may



US 7,078,036 B2

13

be used to link helper T cell epitope and B cell epitope
portions together other include m-maleimidobenzoyl-N-hy-
droxysuccinimide ester (see, Green, N., et al., Cell, 28:
477-487 (1982); Palker et al., Proc. Natl. Acad. Sci. USA,
84: 2479-2483 (1987); m-maleimido-benzoylsulfosuccin-
imide ester; y-maleimidobutyric acid N-hydroxysuccinimide
ester; and N-succinimidyl 3-(2-pyridyl-dithio)propionate
(see, Carlsson, 1., et al., Biochem. J., 173: 723-737 (1978);
Sigma Chemical Co., St. Louis, Mo.).

Furthermore, the helper T cell epitope and B cell epitope
portions may be linked to a common carrier molecule, such
as serum albumin or a resin or polymeric bead. Linking
helper T cell epitope and B cell epitope portions to a
common carrier may be accomplished using a cross-linker
molecule such as glutaraldehyde or other bifunctional cross-
linker molecule (see above). For this embodiment, the
relative concentrations of helper T cell epitope portion, B
cell epitope portion and the common carrier molecule should
be adjusted to maximize the number of helper T cell epitope
and B cell epitope portions that are linked to the common
carrier and to minimize both the linking of identical mol-
ecules to each other (i.e., homodimer formation) and the
linking of helper T cell epitope and B cell epitope portions
to one another (i.e., heterodimer formation). Linking the
helper T cell epitope and B cell epitope portions to another
molecule or surface (e.g., the surface of a resin or polymer
bead) should not significantly disrupt or reduce the immu-
nogenic characteristics of the universal antigenic helper T
cell epitope portion or of the B cell epitope (CETP-related)
portion sequences. The net effect of using such bifunctional
cross-linker molecules is that multiple copies of helper T cell
epitope and B cell epitope portions of a vaccine peptide are
bound to a common carrier which may enhance an immune
response and the production of antibodies that bind to
endogenous CETP.

Multiple antigenic peptide (MAP) arrangements have also
been demonstrated to be highly effective antigens and
immunogens (see, e.g., Tam, J. P., Proc. Natl. Acad. Sci.
USA, 85: 5409-5413 (1988); Wang, C. Y., et al., Science,
254: 285-288 (1991); Marguerite, M., et al., Mol. Immunol.,
29: 793-800 (1992)). Such MAP technology, in which the
helper T cell epitope and B cell epitope portions of the
vaccine peptides described herein are attached to a common
core molecule, provides another way to make multivalent
peptide assemblies to elicit antibodies against endogenous
CETP.

Preferably, the helper T cell epitope and B cell epitope
portions of the vaccine peptides of this invention are
covalently linked end-to-end to form a continuous peptide.
Most preferably, a selected universal antigenic helper T cell
epitope portion forms the amino terminal portion of the
vaccine peptide with its carboxyl terminal amino acid resi-
due covalently linked in a peptide bond to the amino
terminal amino acid of a selected CETP-related amino acid
sequence (B cell epitope portion) of the vaccine peptide.
However, the reverse order may also be used, i.e., the
CETP-related amino acid sequence (B cell epitope portion)
of the vaccine peptides of this invention may be positioned
to form the amino terminal region of a vaccine peptide and
a universal antigenic helper T cell epitope or immunogenic
carrier amino acid sequence may comprise the carboxyl
terminal portion of the vaccine peptide.

The vaccine peptides of this invention can be made more
immunogenic by covalently linking them to multiple copies
of the complement protein C3d (Dempsey et al., Science,
271: 348-350 (1996)). Alternatively, the vaccine peptides
can be derivatized with carbohydrate structures which acti-
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vate complement and become covalently linked with C3d
(Fearon et al., Science, 272: 50-54 (1996)). For example,
proteins expressed in certain mutant Chinese hamster ovary
host cells can be glycosylated with specific carbohydrate
structures (Stanley, Mol. Cell. Biol.,, 9:377-383 (1989)).
Recent evidence demonstrates that C3d promotes the rec-
ognition of antigens by the acquired immune system elicit-
ing vigorous immune response (Dempsey et al., 1996).

The peptides of this invention can be produced by any of
the available methods known in the art to produce peptides
of defined amino acid sequence. For example, automated
peptide synthesis is available to those skilled in the art by
using automated peptide synthesizers (e.g., Synergy™ Pep-
tide Synthesizer by Applied Biosystems; AMS 422 by
Abimed, Langenfeld, Germany). Synthesis of such peptides
to order is performed as a commercial service by many
commercial peptide synthesizing service companies, e.g.,
Quality Controlled Biochemicals, Inc., Hopkinton, Mass.);
Chiron Mimotopes Peptide Systems (San Diego, Calif;
Bachem Bioscience, Inc. (Philadelphia, Pa.); Severn Biotech
Ltd. (Kiddeminster, England).

Alternatively, the peptides of this invention may be pro-
duced using synthetic and recombinant nucleic acid tech-
nology. For example, one of ordinary skill in the art can
design from the known genetic code a 5' to 3' nucleic acid
sequence encoding a peptide of this invention. The amino
acid sequence for a mature CETP from human liver is
known (SEQ ID NO:4), as is its Corresponding DNA
sequence (SEQ ID NO:5) (see, Drayna et al., Nature, 327:
632-634 (1987)). Furthermore, the amino acid sequences for
a variety of broad range or “universal” T cell epitopes are
known (see, for example, Panina-Bordignon et al., Fur. J.
Immunol., 19: 2232-2242 (1989), Etlinger et al. (1990),
Pillai et al., Infect. Immun., 63: 1535-1540 (1995)).

A DNA molecule containing the coding sequences of a
helper T cell epitope and one or more selected B cell epitope
portions (and any linking peptide, such as polyglycine, or
other additional residue(s), such as an amino and/or car-
boxyl terminal cysteine, if so desired) can readily be syn-
thesized either using an automated DNA synthesizer (e.g.,
Oligo 1000 DNA Synthesizer, Beckman Corp.) or by con-
tracting with a commercial DNA synthesizing service (e.g.,
Genset Corp., La Jolla, Calif.). The synthesized DNA mol-
ecule can then be inserted into any of a variety of available
gene expression systems (e.g., bacterial plasmids; bacte-
riophage expression vectors, retroviral expression vectors,
baculoviral expression vectors), using standard methods
available in the art (e.g., Sambrook et al., Molecular Clon-
ing: A Laboratory Manual Vols. 1-3 (Cold Spring Harbor
Laboratory, Cold Spring Harbor, N.Y., 1989)) and/or as
directed by the manufacturer of a particular commercially
available gene expression system (e.g., pPPROEX™.-1 bac-
terial cell expression system; SFV eukaryotic cell expression
system; BAC-TO-BAC™ baculovirus expression system;
Life Technologies, Inc., Gaithersburg, Md.). The expressed
peptide is then isolated from the expression system using
standard methods to purify peptides. Purification of the
peptides of this invention may be expedited by employing
affinity chromatography or immunoprecipitation based on
using antibodies to the particular helper T cell epitope or B
cell epitope (CETP-related portion) amino acid sequence of
a vaccine peptide of this invention. For example, the Mab
TP2 binds to the carboxyl terminal 26 amino acids of human
CETP, and could be useful in one or more immunoaffinity
steps in a purification scheme (Hesler, C. B., et al., J. Biol.
Chem., 263: 5020-5023 (1988)).
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Of course, if DNA molecules are available encoding each
of the T cell and B cell epitopes for a particular vaccine
peptide, standard recombinant nucleic acid methodologies,
including polymerase chain reaction (PCR), can be
employed to produce recombinant nucleic acid molecules
encoding the vaccine peptides. Such recombinant nucleic
acid molecules can be inserted into any of a variety of
expression vectors which can be transfected or transformed
into appropriate host cells to express the vaccine peptide in
culture (see, e.g., Sambrook et al., Molecular Cloning: A
Laboratory Manual, Vols. 1-3 (Cold Spring Harbor Labo-
ratory, Cold Spring Harbor, N.Y., 1989)). For example, the
DNA sequence encoding the mature human CETP from liver
has the nucleotide sequence of SEQ ID NO:5 and the DNA
sequence encoding the mature rabbit CETP has the nucle-
otide sequence of SEQ ID NO:7. Particular sequences
encoding various B cell epitopes of each of these CETP
proteins can be recombined with nucleotide sequences
encoding selected T cell epitope(s) and inserted into an
expression vector for expression in an appropriate host cell.

An example of a recombinant plasmid that can be used to
produce a vaccine peptide is plasmid pCMV-CETP/TT in
which the CMV promoter directs transcription of a sequence
encoding a vaccine peptide having the amino acid sequence
of SEQIDNO::MQYIKANSKFIGITERFP
RPDGREAVAYRFEEDIFGFPKHLLVD
FLQSLS, wherein an amino terminal methionine is linked
to a tetanus toxoid T cell epitope (amino acids 2 to 15 of
SEQ ID NO:2) and two B cell epitopes from rabbit CETP
(amino acids 350 to 368 and 481 to 496 of SEQ ID NO:6).
Plasmid pCMV-CETP/TT has been deposited with the
American Type Culture Collection (ATCC, Rockville, Md.)
and assigned Accession No. 98038.

In a preferred embodiment, a peptide of this invention
also contains an amino terminal cysteine residue, or other
residue, covalently linked to the amino terminal amino acid
of'the helper T cell epitope portion of the vaccine peptide of
this invention for use in tethering or coupling the peptide to
itself to form dimers of vaccine peptides or to other mol-
ecules, such as carrier or crosslinker molecules. More pref-
erably, the vaccine peptide of this invention has the amino
acid sequence CQYIKANSKFIGITEFGFPE
HLLVDFLQSLS (SEQ ID NO:2). Even more preferred
is a vaccine peptide of this invention having at least two B
cell epitopes of CETP. An example of such a vaccine peptide
has the sequence CQYIKANSKFIGITELFPR
PDQQHSVAYTFEEDIFGFPEHLLVDF
L Q S L S (SEQ ID NO:8).

D. Production of Vaccine

The peptides of this invention are used to make vaccines
that elicit production of endogenous antibodies which spe-
cifically bind to CETP and/or modulate (i.e., decrease or
inhibit) endogenous CETP activity. The anti-CETP vaccines
of this invention may contain one or several different pep-
tides of this invention. For example, peptides having differ-
ent helper T cell epitope portions (e.g., different universal
helper T cell epitopes) and/or different B cell epitope por-
tions (e.g., different CETP-related portions of the carboxyl
terminal 26 amino acids of CETP) may be combined and
administered as a single vaccine composition.

Pharmaceutically acceptable adjuvants, such as alum,
may be mixed with vaccine peptides described herein to
produce vaccines of this invention. Alum is the single
adjuvant currently approved for use in administering vac-
cines to humans (see, Eldrige, J. H., et al., In Immunobiology
of Proteins and Peptides V: Vaccines; Mechanisms, Design,
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and Applications, Atassi, M. Z., ed. (Plenum Press, New
York, 1989), page 192). Recently, alum was used in com-
bination with a sodium phthalyl derivative of lipopolysac-
charide to administer a vaccine shown to be effective against
human chorionic gonadotropin to humans (see, Talwar, G.
P, etal., Proc. Natl. Acad. Sci. USA, 91: 85328536 (1994)).

Other conventional adjuvants may be used as they are
approved for a particular use. For example, biodegradable
microspheres comprised of poly (DL-lactide-co-glycolide)
have been studied as adjuvants for oral or parenteral admin-
istration of vaccines (Eldridge, J. H., et al., In Immunobiol-
ogy of Proteins and Peptides V: Vaccines;, Mechanisms,
Design, and Applications, Atassi, M. 7., ed. (Plenum Press,
New York, 1989), pp. 191-202).

Other adjuvants have been used for administering vac-
cines to non-human mammals. For example, Freund’s
Incomplete Adjuvant (Sigma Chemical Co., St. Louis, Mo.),
Freund’s Incomplete Adjuvant (Sigma Chemical Co., St.
Louis, Mo.), and the RIBI™ Adjuvant System (RAS; RIBI
ImmunoChem Research, Inc., Hamilton, Mont.) are well
known adjuvants routinely used to administer antigens to
animals other than humans. In addition, adjuvant structures
may also be mixed with or, preferably, covalently incorpo-
rated into peptides of this invention, for example at the
amino or carboxyl terminal amino acid residue of the
peptides. Such incorporated adjuvants include lipophilic
N-palmitoyl-S-[2,3-bis(palmitoyloxy)-propyl)]-cysteine
(“Pam;-Cys-OH”) at the amino terminus of the peptides of
this invention; amphiphilic, water-soluble lipopeptides such
as Pam;-Cys-Ser-Lys, and Pam;-Cys-Ser-Glu,; glycopep-
tides such as N-acetyl-glucosaminyl-N-acetylmuramyl-ala-
nyl-D-isoglutamine (“GMDP”), muramyl dipeptides, and
alanyl-N-adamantyl-D-glutamine; and polyamide gel-based
adjuvants which can easily be attached to peptides during
their in vitro chemical synthesis (see, Synthetic Vaccines,
Nicholson, B. H., ed. (Blackwell Scientific Publications,
Cambridge, Mass., 1994), pp. 236-238).

In addition, the vaccine peptides of this invention may be
linked to other molecules that may enhance the immunoge-
nicity of the peptides. For example, linking peptides of this
invention to a surface of a larger molecule, such as serum
albumin, may enhance immunogenicity because the epitopes
of the vaccine peptides are presented to the immune system
of an individual as adjacent multiple repeated copies (see,
e.g., Tam, J. P., Proc. Natl. Acad. Sci. USA, 85: 5409-5413
(1988); Wang, C. Y., et. al., Science, 254: 285-288 (1991);
Marguerite, M., et al., Mol. Immunol., 29: 793-800 (1992)).
Such “multiple” or “multivalent” arrangements of the vac-
cine peptides of this invention can be created using cross-
linker molecules (see above). For example, as noted above,
bifunctional cross-linker molecules possess two reactive
sites, one of the sites can attach the linker to a vaccine
peptide of this invention and the other site is available to
react with a different molecule, e.g., a larger protein like
serum albumin or a resin or polymeric bead. Thus, covalent
cross-linker molecules may be used to link vaccine peptides
to other proteins or substrates to form multicopy arrange-
ments of the peptides (multicopy peptide assemblies).

Linking vaccine peptides of this invention to another
molecule or surface should be carried out in a manner that
does not significantly disrupt or reduce the immunogenic
characteristics of the linked helper T cell epitope and B cell
epitope (CETP-related) portions of the vaccine peptides.
Preferably, the use of such linker molecules enhances the
immunogenicity of the vaccine peptides of this invention as
evidenced, for example, by a more rapid rise in anti-CETP
antibody titer and/or production of higher affinity anti-CETP
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antibodies than when individuals are administered vaccine
peptides that are not linked. Such cross-linker molecules
may also be used to attach a peptide of this invention to an
“immunogenic enhancer” molecule such as granulocyte-
macrophage colony-stimulating factor (GM-CSF), which
was been shown to serve as an effective immunogenic
enhancer in generating the production of specific anti-tumor
antibodies (e.g., Tao, M. H., et al., Nature, 362: 755-758
(1993)). Another such immunogenic enhancer is keyhole
limpet hemocyanin (KLH) (see, Ada, G. L., In Fundamental
Immunology, third edition, W. E. Paul, ed. (Raven Press Ltd.,
New York, 1993), pp. 1309-1352). As noted above, an
example of a multivalent arrangement using KLH is the
attachment of vaccine peptides to any of several cysteine
residues of KLH molecule via disulfide bond formation.

2. Use of Vaccine Peptides

General methods of administering and testing vaccines
are well known to those skilled in the art (see, e.g., Talwar,
G. P, et al., Proc. Natl. Acad. Sci. US4, 91: 8532-8536
(1994)). The peptides of this invention are specifically
designed to be administered, either alone or in association
with one or more pharmaceutically acceptable carriers or
adjuvants, as a vaccine which will elicit an antibody
response against endogenous CETP of the vaccine recipient.
In some embodiments of this invention, the vaccine peptides
may also be combined and administered with vaccines for
other diseases or disorders.

The immune response to endogenous CETP should sig-
nificantly inhibit CETP activity, alter the serum half-life of
CETP, cause clearance CETP through formation of immune
complexes, alter the trafficking of HDIL -cholesterol shift the
equilibrium of cholesterol content of lipoproteins, alter
cholesterol catabolism, and/or reduce development of ath-
erosclerotic lesions. Control of LDL, VLDL and/or HDL
levels is an accepted indicator or endpoint in treatment of
cardiovascular disease as these levels are correlated with a
decreased risk of cardiovascular disease or further progres-
sion of such disease (Mader, S. S., In Human Biology, 4th
ed., pp. 83, 102 (Wm. C. Brown Publishers, Dubuque, lowa,
1995)). Accordingly, the desired prophylactic or therapeutic
effect according to this invention is evidenced by eliciting
antibodies in an individual that bind to CETP and/or inhibit
CETP activity, or by a relative decrease in LDL and/or
VLDL levels compared to HDL levels as the titer of anti-
body directed against the endogenous CETP rises, or by an
elevation of absolute levels of circulating HDL with the
production of anti-CETP antibodies, or by an inhibition or
decrease in development of atherosclerotic lesions in car-
diovascular tissue.

As demonstrated herein, administration of vaccine pep-
tides in a rabbit model of atherosclerosis led to a significant
decrease in the development of atherosclerotic plaques in
animals fed a cholesterol supplemented diet. This evidence
indicates that vaccination to elicit antibodies to endogenous
CETP may be a useful method of treating or preventing
atherosclerosis. This is the first evidence that eliciting an
immune response to CETP can inhibit the development of
atherosclerosis.

Such endogenously produced antibodies against an indi-
vidual’s own CETP is advantageous over other possible
therapeutic approaches. For example, use of polypeptide
inhibitors of CETP, such as one recently isolated from
baboons (see, e.g., WO 93/11782; Kushwaha, R. S., et al., J.
Lipid Res., 34: 1285-1297 (1993); Genetic Engineering
News, 14: 44 (1994); Science, 262: 1974-1975 (1993)), or
infusion of exogenously produced (foreign) anti-CETP-
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antibodies which inhibit CETP activity, are both likely to
elicit an immune reaction directed against such foreign
CETP inhibitory molecules. Such an immune response could
rapidly inactivate and/or clear from the body the exog-
enously supplied CETP inhibitor. Theoretically, such an
immune response against the exogenously supplied CETP
inhibitor could be overcome by administering increasing
doses of the inhibitor. However, multiple administrations of
doses of a foreign CETP inhibitor, particularly multiple
doses of ever-increasing amounts of such foreign molecules,
presents the possibility of a hypersensitivity reaction, endan-
gering the health of the individual being treated. Such
problems associated with using exogenously produced
CETP inhibitors are avoided by using the peptide-based
vaccines of this invention, which recruit an individual’s own
immune system antibodies to specifically inhibit endog-
enous CETP. Repeated dosing, graduated dosing, and unde-
sirable side-effects (such as a human anti-mouse antibody
(HAMA) response) are avoided by employing the anti-
CETP vaccine approach described herein.

The CETP vaccine peptide compositions of this invention
may be administered by any route used for vaccination,
including: parenterally such as intraperitoneally, interperi-
toneally, intradermally (subcutaneously), intramuscularly,
intravenously or orally. Preferably, the vaccines of this
invention are administered parenterally, e.g., intraperito-
neally, interperitoneally, intradermally, intramuscularly, or
intravenously. If oral administration of a vaccine peptide is
desired, any pharmaceutically acceptable oral excipient may
be mixed with the vaccine peptides of this invention, for
example, such as solutions approved for use in the Sabin oral
polio vaccine. As with certain other vaccines, such as for
tetanus, an occasional booster administration of the CETP
vaccine peptide compositions may be necessary to maintain
a desired level of modulation or inhibition of endogenous
CETP. As noted above, biodegradable microspheres, such as
those comprised of poly (DL-lactide-co-glycolide), have
been shown to be useful for effective vaccine delivery and
immunization via oral or parenteral routes (Eldridge, J. H.,
et al., In Immunobiology of Proteins and Peptides V: Vac-
cines; Mechanisms, Design, and Applications, Atassi M. Z.,
ed. (Plenum Press, New York, 1989), pp. 191-202).

Appropriate dosages of the peptide vaccines of this inven-
tion are established by general vaccine methodologies used
in the art based on measurable parameters for which the
vaccine is proposed to affect, including monitoring for
potential contraindications, such as hypersensitivity reac-
tion, erythema, induration, tenderness (see, e.g., Physician’s
Desk Reference. 49th ed., (Medical Economics Data Pro-
duction Co., Mont Vale, N.J., 1995), pp. 1628, 2371 (refer-
ring to hepatitis B vaccine), pp. 1501, 1573, 1575 (referring
to measles, mumps, and/or rubella vaccines), pp. 904, 919,
1247, 1257, 1289, 1293, 2363 (referring to diphtheria,
tetanus and/or pertussis vaccines)); Talwar, G. P., et al.,
Proc. Natl. Acad. Sci. USA, 91: 8532-8536 (1994)). A
common and traditional approach for vaccinating humans is
to administer an initial dose of a particular vaccine to
sensitize the immune system and then follow up by one or
more “booster” doses of the vaccine to elicit an anamnestic
response by the immune system that was sensitized by the
initial administration of the vaccine (vaccination). Such a
“primary and booster” administration procedure has been
well known and commonly used in the art, as for example,
in developing and using measles, polio, tetanus, diphtheria,
and hepatitis B vaccines.

Initially, the amount of a vaccine peptide administered to
an individual may be that required to neutralize the approxi-
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mate level of endogenous CETP activity present in the
individual prior to vaccination, as can be determined by
measuring CETP activity in serum or plasma samples from
the individual for example as determined using a commer-
cially available CETP assay (e.g., Diagnescent Technolo-
gies, Inc., Yonkers, N.Y.). Plasma or serum samples from a
vaccinated individual can also be monitored to determine
whether a measurable increase in the levels of total HDL or
HDL-C is seen after administration of the vaccine peptide
using commercially available assays (e.g., available from
Wako Chemicals USA, Inc., Richmond, Va.). A rise in the
concentration (titer) of circulating anti-CETP antibodies can
be measured in plasma or serum samples, for example using
an ELISA assay (see, e.g., Example 3). Thus, it is possible
and recommended that initially it be established whether a
rise in anti-CETP antibody can be correlated with an
increase in the level of HDL or HDL-C, or with a decrease
in CETP activity. Thereafter, one need only monitor a rise in
titer of anti-CETP antibody to determine whether a sufficient
dosage of vaccine peptide has been administered or whether
a “booster” dose is indicated to elicit an elevated level of
anti-CETP antibody. This is the common procedure with
various established vaccinations, such as vaccination against
hepatitis B virus.

Three-dimensional arterial imaging methods are currently
available which can be used to identify arterial lesions and
monitor their development or regression in an individual
(see, for example, McPherson, Scientific American Science
& Medicine, pages 22-31, (March/April, 1996)). Thus such
imaging methods can be used to monitor the effectiveness of
vaccination with a peptide of this invention.

A more complete appreciation of this invention and the
advantages thereof can be obtained from the following
non-limiting examples.

EXAMPLES
Example 1

Design and Synthesis of an Anti-CETP Vaccine
Peptide

To investigate the possibility of eliciting an antibody
response against endogenous CETP, a peptide was prepared
having a helper T cell epitope portion comprising a universal
tetanus toxoid helper T cell epitope and a B cell epitope
portion comprising a carboxyl terminal region of human
CETP. A 31-amino acid peptide was designed having the
amino acid sequence CQYIKANSKFIGITEFG
FPEHLLVDFLQSLS(SEQID NO:2), in which Q
YIKANSKFIGITE (amino acids 2 to 15 of SEQ ID
NO:2) is the same amino acid sequence as amino acids 830
to 843 of the tetanus toxoid protein, FGFPEHLLV D
FLQSLS (amino acids 16 to 31 of SEQ ID NO:2) is the
same amino acid sequence as amino acids 461 to 476 SEQ
ID NO:4 containing the neutral lipid transfer domain of
human CETP and known to be recognized by anti-human
CETP Mab TP2 (Wang, S., et al., J. Biol. Chem., 267:
17487-17490 (1992); Wang, S., et al., J. Biol. Chem., 268:
1955-1959 (1993)), and the amino terminal cysteine (C)
residue is present for use in linking the peptide to itself or
other molecules if desired. The CETP-related portion of this
synthetic peptide differs from the corresponding portion of
rabbit CETP amino acid sequence only at the glutamic acid
(E) residue (see, Nagashima, M., et al., J. Lipid Res., 29:
1643-6149 (1988) (cloning of rabbit CETP gene)). How
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ever, prior study has indicated anti-human CETP Mabs can
recognize this corresponding region of rabbit CETP (see,
Hesler, C. B., etal., J. Biol. Chem., 263: 5020-5023 (1988)).
The peptide was synthesized to order using standard peptide
synthesis methods by Quality Controlled Biochemicals, Inc.
(Hopkinton, Mass.).

Example 2

Immunization of Rabbits Against Endogenous
CETP

The synthetic vaccine peptide (SEQ ID NO:2) of Example
1 above was injected into New Zealand White Rabbits to test
the ability of the vaccine peptide to elicit an immune
response against endogenous rabbit CETP. Group I con-
tained three rabbits (rb#1-#3), each of which was subjected
to a protocol for administration of the vaccine peptide.
Group I contained one rabbit (rb#4) as a control that was
not treated.

The general protocol for testing the vaccine peptide in the
rabbits is shown in FIG. 1. On Day 1, peptide (100 pg) was
suspended in the RIBI™ adjuvant system (RIBI Immu-
noChem Research, Inc., Hamilton, Mont.) according to
manufacturer’s instructions to a final volume of 1000 ul and
each rabbit of Group I was injected at two intramuscular
sites (250 ul per site), subcutaneously at two sites (100 ul per
site), and six intradermal sites (50 ul per site). On Day 28,
a boost (100 pg of peptide in RIBI™ adjuvant system) was
administered as on Day 1. On Day 56, another boost (100 ng
of peptide in RIBI™ adjuvant system) was administered as
on Day 1.

Blood samples (approximately 1-5 ml) were withdrawn
from the ear of each rabbit prior to each initial injection
(“prebleed”) and on Days 42, 70, and 108, except that there
was no pre-bleed for control rabbit rb#4. Blood plasma
samples were prepared by standard centrifugation methods
to separate cellular components from the plasma. Plasma
samples were stored at —=70° C. Plasma samples of both
Groups [ and II were analyzed for presence of and increase
in titer of anti-CETP antibodies and for total plasma cho-
lesterol and plasma HDL-C levels.

Example 3

Production of Anti-CETP Antibody in Vaccinated
Rabbits Direct ELISA for Titering Anti-CETP
Antibodies

A sandwich enzyme-linked immunosorbent assay
(ELISA) was used to titer plasma samples containing anti-
CETP antibody. In this set-up, recombinant human CETP
(human rCETP, obtained from recombinant CHO cell line
CHO(AT.) licensed from The Trustees of Columbia Univer-
sity, New York, N.Y.) was adsorbed to wells of a microtiter
dish, and various dilutions of rabbit plasma from the rabbits
of Groups I and II were added to each well. Each well of a
NUNC Maxisorb 96-well plate was coated by overnight
exposure at 4° C. to 100 pl of a 1 pg/ml solution of human
rCETP in PBS. Non-specific binding was blocked by adding
a 1% solution of BSA in PBS and 0.05% Tween to each well
and incubating for 2 hours at room temperature (20°-22° C.)
on a rotating shaker at 150 rpm The wells were then washed
four times with ELISA wash buffer (PBS+0.05% Tween).
Plasma samples were then diluted 1:10 in dilution buffer
(1% BSA in PBS), followed by 6 two-fold serial dilutions in
the same buffer. Diluted samples (100 ul) were added to the
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wells, incubated for 2 hours at room temperature on a
rotating shaker at 150 rpm, and then washed 4 times with
ELISA wash buffer (PBS+0.05% Tween). To detect bound
anti-CETP antibodies, 100 ul of a 1:10,000 dilution of
horseradish peroxidase (HRP) labeled goat anti-rabbit
immunoglobulin (Southern Biotechnology Associates, Inc.;
Birmingham, Ala.) in dilution buffer was added, and the
plates were incubated for 2 hours at room temperature on a
rotating shaker at 150 rpm The wells were then washed four
times with ELISA wash buffer (see above), peroxidase
substrate TMB (TMB peroxidase substrate, Kirkegaard &
Perry Laboratories, Inc., Gaithersburg, Md.) added, and the
plates were incubated 30 minutes at room temperature.
Change in optical density was monitored spectrophotometri-
cally at 450 nm using an ELISA reader (e.g., E-max,
Molecular Device Corp., Menlo Park, Calif.). In this assay,
the O.D. was directly proportional to the amount of anti-
CETP antibodies present in the plasma samples. The results
indicated that all of the rabbits (rb#1-rb#3) of Group I
produced anti-CETP antibody which was specific for recom-
binant human CETP. No anti-CETP antibody was produced
in the untreated control rabbit (rb#4) of Group I in Example
2. See FIG. 2.

Competitive ELISA for Detecting Anti-CETP Antibody

This assay was designed to determine if the vaccinated
rabbits had generated antibodies that bind to the same
epitope as the anti-CETP Mab TP2 (licensed from The
Trustees of Columbia University, New York, N.Y.). A stan-
dard competitive ELISA was adapted to detect the presence
of anti-CETP antibodies in rabbit plasma. In this assay,
horseradish peroxidase (HRP) was conjugated to the anti-
CETP Mab TP2 which specifically binds to the 26 amino
acid carboxyl terminal fragment of human CETP (Wang et
al., J. Biol. Chem., 267: 17487-17490 (1992); Wang et al.,
J. Biol. Chem., 268: 1955-1959 (1993)).

The following method was used to conjugate HRP to
antibody. Antibody was dialyzed against Na,CO; (50 mM,
pH 9.5). The dialyzed antibody was at a concentration of 2
to 5 mg/ml. HRP (Boehringer-Mannheim) was dissolved in
sodium acetate buffer (1.0 mM, pH 4.4) to a concentration
of 6 mg/ml. The HRP was then activated by adding 0.2 ml
of' sodium periodate (21.4 mg/ml acetate buffer, made imme-
diately before use) to every 1 ml of HRP solution, and the
activation mixture was incubated at room temperature on a
rocker for 20 minutes. The activated HRP was then passed
over a G25 column equilibrated with acetate buffer to desalt
the activated HRP. An optical density (O.D.) at 403 nm
corresponds to approximately 1 mg HRP/ml. The desalted,
activated HRP was then added to the dialyzed antibody at an
amount equal to one half the amount of antibody (by weight,
for example, for every 1 mg of IgG, add 0.5 mg activated
HRP), and the mixture was incubated for 2 hours at room
temperature on a rocker to allow the HRP to conjugate to the
antibody molecules. The conjugation reaction was stopped
by adding 20 pl of sodium borohydride (10 mg/ml) for every
1 ml of the HRP-antibody conjugation mixture, and the
mixture was then incubated on ice for 30 minutes. The
HRP-conjugated antibody mixture was dialyzed overnight
against phosphate buffered saline (PBS) and then centri-
fuged (Airfuge) for 15 minutes at 30 psi. Thimerosal was
added to the supernatant (HRP-conjugated antibody) to
0.5%, and bovine serum albumin was added to 1%. The
HRP-conjugated antibody preparation was stored at 4° C.
and protected from light.

Wells of 96-well microtiter plate were coated with CETP
by incubating in each well 100 ul of a 300 mg/ml solution
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of recombinant human CETP (obtained from the recombi-
nant CHO cell line CHO(AT), licensed from The Trustees of
Columbia University, New York, N.Y.) in phosphate buft-
ered saline (PBS). The wells were drained and the wells
were filled with a 1% (wt/wt) solution of bovine serum
albumin (BSA) in PBS and 0.05% (vol./vol.) Tween (Sigma
Chemical Co., St. Louis, Mo.) and incubated for 2 hours at
room temperature on a rotating shaker (approximately 150
rpm) to block non-specific binding. The wells were washed
four times with ELISA wash buffer (PBS+0.05% Tween),
and 100 pl of plasma samples dilated in dilution buffer (1%
BSA in PBS) was added. The plates were then incubated for
1 hour at room temperature on a rotating shaker as above,
and then washed four times with ELISA wash buffer. To
each well was next added 100 pl of a 1:100,000 dilution of
horseradish peroxidase-conjugated (labeled) Mab TP2 in
dilution buffer. The plates were incubated for 1 hour at room
temperature on a rotating shaker as above, then washed four
times with ELISA wash buffer. The horseradish peroxidase
substrate (e.g., TMB peroxidase substrate, Kirkegaard &
Perry Laboratories, Inc., Gaithersburg, Md.) was added to
each well and a change in optical density (O.D.) at 450 nm
was monitored spectrophotometrically using an ELISA
reader (e.g., E-max, Molecular Devices Corp., Menlo Park,
Calif.). In this assay, if antibody was produced against the
CETP-related portion of the vaccine peptide, such unlabeled
anti-CETP antibody molecules present in the plasma
samples competes with the labeled TP2 Mab for binding to
the CETP adsorbed on the walls of the wells and an
inhibition in color development is observed as the concen-
tration of plasma sample increases (i.e., O.D. is inversely
proportional to the amount of anti-CETP antibody present in
each plasma sample).

As shown in FIG. 3, such inhibition of TP2 binding to
CETP was observed in plasma sample from two of the three
rabbits that were administered the vaccine peptide, thereby
indicating production of CETP-specific antibody (compare
graphs of rabbit sera rb#2 and rb#3 with plasma of untreated
control rabbit rb#4 in FIG. 3). The strongest inhibition of
TP2 binding to CETP was exhibited by plasma of rabbit
rb#3 (see FIG. 3).

Example 4

Cholesterol and HDL Levels in Plasma Samples of
Vaccinated Rabbits

The plasma samples taken from rabbits of Groups I and II
in Example 2 at various times (days) in the vaccination
protocol were also assayed for the concentration of total
cholesterol (FIG. 4) and HDL-C (FIG. 5). Total plasma
cholesterol and HDL-C levels were determined using stan-
dard commercial assays (Wako Chemicals USA, Inc., Rich-
mond, Va.). The plasma samples of two rabbits (rb#2 and
rb#3) that had the highest anti-CETP antibody titers showed
a 2 to 5-fold increase in HDL-C concentrations at Day 70
compared to prebleed plasma samples. Rabbits #2 and #3
also showed increasing plasma HDL concentrations over
time compared to the control rabbit (rb#4) and the lowest
antibody titer rabbit (rb#1) both of which exhibited decreas-
ing HDL concentrations over time (FIG. 5).

FIG. 6 shows the ratio of Non-HDL cholesterol (Non-
HDL) to HDL-cholesterol (HDL) on Day 70 post-vaccina-
tion. The data show a trend toward an anti-atherogenic
profile in the vaccinated rabbit group (hatched) compared to
the non-vaccinated (solid) rabbit. Although no significant
difference in total cholesterol in plasma samples was
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observed, the ratio of Non-HDL/HDL generally declined
with a rise in anti-CETP antibody levels in the vaccinated
rabbits of Group 1.

Example 5

Administration to Transgenic Mice Expressing
Human CETP

A strain of transgenic mice that expresses human CETP
has recently become commercially available (Biodigm™-
CETP mice; Pharmakon USA, Waverly, Pa.). Such mice
express human CETP in their livers and are reported to have
approximately 50 percent lower levels of HDL.-associated
cholesterol than non-transgenic litter mates when fed a
normal chow diet. Such transgenic animals serve as an
additional experimental model to further test vaccine pep-
tides of this invention.

Two groups consisting of six transgenic CETP-expressing
mice were used to test the same vaccine peptide used in
Examples 1 to 4 above. Each mouse of Group I received
primary injections of the vaccine peptide dissolved in phos-
phate buffered saline (PBS) and emulsified with complete
Freund’s adjuvant (1:1) to yield a final concentration of 100
1g/100 ul. Each mouse was administered the vaccine peptide
mixture in a 50 pl dose (50 pg) at each of two subcutaneous
sites. On Day 28 and again on Day 56, the animals were
similarly administered boosts of the peptide vaccine (100
ng) in PBS, except the vaccine peptide was emulsified with
Incomplete Freund’s adjuvant. Samples of blood were with-
drawn on Day 42 and Day 63. The mice of control Group 11
received primary and boost injections of PBS emulsified
with adjuvant, but without vaccine peptide, in the same
manner as the Group [ mice. Plasma samples were prepared
as described above for the rabbit plasma samples.

All Group I mice had significant titers of anti-CETP
antibody as measured in a wide range of plasma dilutions
(1:10 to 1:1,000,000) by direct ELISA as described above
(see FIG. 7). Furthermore, three of the six mice from Group
1 were also shown to have anti-CETP antibody that com-
peted with Mab TP2 for binding to recombinant human
CETP (as was found for rabbits rb#2 and rb#3 in Example
3, above).
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Example 6

Immunization of Rabbits Against Endogenous
CETP in a Cholesterol-Fed Model of
Atherosclerosis

The synthetic vaccine peptide (SEQ ID NO:2) of Example
1 above was injected into New Zealand White Rabbits to test
the ability of the vaccine peptide to elicit an immune
response against endogenous rabbit CETP and to protect or
reduce development of atherosclerosis. Group I contained
six rabbits (rb#1-#6), each of which was subjected to a
protocol for administration of the vaccine peptide. Control
Group II contained six rabbits (rb#7-12) that were vacci-
nated but not fed a high cholesterol diet. Control Group III
contained six rabbits (rb#13-18) that were not vaccinated
and not fed a high cholesterol diet. Control Group IV
contained six rabbits (rb#19-24) that were not vaccinated
but fed a high cholesterol diet. The high cholesterol diet was
administered starting four weeks after a final boost with the
vaccine and continued for a total of 17 weeks.

The general protocol for testing the vaccine peptide in the
rabbits is shown in Table 1 below. On Day 0, peptide (100
ng) was suspended in the RIB™ adjuvant system (RIBI
ImmunoChem Research, Inc., Hamilton, Mont.) according
to manufacturer’s instructions to a final volume of 1000 ul
and each rabbit of Group I and II were injected at two
intramuscular sites (250 ul per site), subcutaneously at two
sites (100 pl per site), and six intradermal sites (50 ul per
site). On Day 28, a boost (100 pg of peptide in RIBI™
adjuvant system) was administered as on Day 0. On Day 49,
another boost (100 pg of peptide in RIBI™ adjuvant system)
was administered as on Day 0. On Day 77, Groups I and IV
were fed 0.25% (w/w) cholesterol-enriched diets (rabbit
chow supplemented with cholesterol (Farmer’s Exchange,
Framingham, Mass.). Groups II and III were fed the same
rabbit chow but not supplemented with cholesterol (Farm-
er’s Exchange, Framingham, Mass.).

Blood samples (approximately 1-5 ml) were withdrawn
from the ear of each rabbit prior to each initial injection
(“prebleed”) and routinely at approximately every two
weeks thereafter. Blood plasma samples were prepared by
standard centrifugation methods to separate cellular compo-
nents from the plasma. Plasma samples were stored at —70°
C. Plasma samples of all Groups were analyzed for presence
of and increase in titer of anti-CETP antibodies and for total
plasma cholesterol and plasma HDL-C levels.

TABLE 1

RABBIT SCHEDULE

procedure, by group CHOW CHOW
WEEK 1 2 3 4 group 2 and 3 group 1 and 4 WEEKS/DIET  ACTUAL DAY
-2 B B B B Normal Normal -14
-1 B B B B Normal Normal -6
0 B,V B,V B B Normal Normal 0
1 Normal Normal 7
2 B B B B Normal Normal 14
3 Normal Normal 21
4 BV BV B B Normal Normal 28
5 Normal Normal 35
6 Normal Normal 42
7 BV BV B B Normal Normal 49
8 Normal Normal 56
9 Normal Normal 63
10 B B B B Normal Normal 70
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TABLE 1-continued
RABBIT SCHEDULE
procedure, by group CHOW CHOW
WEEK 1 2 3 4 group 2 and 3 group 1 and 4 WEEKS/DIET  ACTUAL DAY
11 Transition Transition 0 77
12 control 0.25% chol 1 84
13 B B B B control 0.25% chol 2 91
14 control 0.25% chol 3 98
15 B B B B control 0.25% chol 4 105
16 control 0.25% chol 5 112
17 B B B B control 0.25% chol 6 119
18 control 0.25% chol 7 126
19 B B B B control 0.25% chol 8 133
20 control 0.25% chol 9 140
21 B B B B control 0.25% chol 10 147
22 control 0.25% chol 11 154
23 B B B B control 025% chol 12 161
24 control 0.25% chol 13 168
25 B B B B control 0.25% chol 14 175
26 control 0.25% chol 15 182
27 control 0.25% chol 16 189
28 B, E B, E control 0.25% chol 17 196
KEY:

1 = vaccinate, high cholesterol diet
2 = vaccinate, normal/control diet
3 = control, normal/control diet

4 = control, high cholesterol diet
B = blood sample

V = vaccinate

E = euthanize

Example 7

Production of Anti-CETP Antibody in Vaccinated
Rabbits in Atherosclerotic (Hypercholesterolemia)
Model

Direct ELISA for Titering Anti-Recombinant Human CETP
Antibodies

A sandwich enzyme-linked immunosorbent assay
(ELISA) was used to titer plasma samples containing anti-
CETP antibody. In this set-up, recombinant human CETP
(human rCETP, obtained from recombinant CHO cell line
CHO(AT) licensed from The Trustees of Columbia Univer-
sity, New York, N.Y.) was adsorbed to wells of a microtiter
dish, and various dilutions of rabbit plasma from the rabbits
of Groups -1V were added to each well. Each well of a
NUNC Maxisorb 96-well plate was coated by overnight
exposure at 4° C. to 100 pl of a 1 pg/ml solution of human
rCETP in PBS. Non-specific binding was blocked by adding
a 1% solution of BSA in PBS and 0.05% Tween to each well
and incubating for 2 hours at room temperature (20°-22° C.)
on a rotating shaker at 150 rpm The wells were then washed
four times with ELISA wash buffer (PBS+0.05% Tween).
Plasma samples were then diluted 1:10 in dilution buffer
(1% BSA in PBS), followed by 6 two-fold serial dilutions in
the same buffer. Diluted samples (100 ul) were added to the
wells, incubated for 2 hours at room temperature on a
rotating shaker at 150 rpm, and then washed 4 times with
ELISA wash buffer (PBS+0.05% Tween). To detect bound
anti-CETP antibodies, 100 ul of a 1:10,000 dilution of
horseradish peroxidase (HRP) labeled goat anti-rabbit
immunoglobulin (Southern Biotechnology Associates, Inc.;
Birmingham, Ala.) in dilution buffer was added, and the
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plates were incubated for 2 hours at room temperature on a
rotating shaker at 150 rpm. The wells were then washed four
times with ELISA wash buffer (see above), peroxidase
substrate TMB (TMB peroxidase substrate, Kirkegaard &
Perry Laboratories, Inc., Gaithersburg, Md.) added, and the
plates were incubated 30 minutes at room temperature.
Change in optical density was monitored spectrophotometri-
cally at 450 nm using an ELISA reader (e.g., E-max,
Molecular Device Corp., Menlo Park, Calif.). In this assay,
the O.D. was directly proportional to the amount of anti-
CETP antibodies present in the plasma samples. The results
indicated that five of the twelve vaccinated rabbits (Groups
I and II) produced anti-CETP antibody which was specific
for recombinant human CETP (see FIG. 9). No anti-recom-
binant human CETP antibody was produced in the untreated
control Groups III and IV.

Direct ELISA for Titering Autoreactive Anti-Rabbit (Endog-
enous) CETP Antibodies.

A peptide (rabbit peptide) containing an amino acid
sequence of the endogenous rabbit CETP was synthesized to
order using standard peptide synthesis methods by Quality
Controlled Biochemicals, Inc. (Hopkinton, Mass.) having
the sequence of SEQ IDNO:7: LQMDFGFPKHLL
VDFLQSLS, which corresponding to amino acids 457
to 476 of the carboxyl terminal region of the human CETP
sequence shown in SEQ ID NO:4. This portion of the rabbit
CETP amino acid sequence differs from the human CETP
sequence in that the glutamic acid residue at position 465 of
the human sequence (SEQ ID NO:4) is replaced with a
lysine residue (see amino acid 9 in SEQ ID NO:7). For the
purposes of this assay the rabbit peptide was purchased as a
biotinylated derivative (biotin covalently attached to the
amino terminal leucine residue).
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Preblocked streptavidin-coated microtiter plates were pre-
pared as follows. One hundred ul of 5 pg/ml streptavidin
(catalog #43-4302, Zymed Laboratories, Inc., S. San Fran-
cisco, Calif.) in PBS was dispensed into each well of 96-well
microplates with removable strips (catalog #950-2950-00P,
LabSystems, Needham, Mass.), sealed and incubated at
room temperature overnight. Following aspiration of the
contents of each well, the plates were washed and then
blocked with 300 pl of PBS containing 1% BSA, 5%
sucrose, 0.05% Tween 20 and 0.1% gentamicin sulfate,
overnight at room temperature. The following day the wells
were emptied and allowed to dry overnight before storing,
sealed with desiccant, at 4° C., until use. Rabbit peptide was
then added to each well (100 pl of 1 pg/ml solution in PBS
(GIBCO BRL) supplemented with 10% (w/v) bovine serum
albumin (BSA)) and incubated for 1 hour with shaking at
150 rpm at room temperature (22° C.). Plates were washed
three times with Wash Buffer (PBS supplemented with
0.05% Tween-20) to remove unbound peptide. Rabbit
plasma samples were diluted (initially 1:40, then serially by
half thereafter) in PBS supplemented with 5% BSA and 1%
gelatin and 100 pul of each dilution were incubated for 90
minutes at room temperature with shaking at 150 rpm. Plates
were then washed three times with Wash Buffer. Goat-anti-
rabbit IgG labelled with horseradish peroxidase (Southern
Biotechnology Associates, Inc., Birmingham, Ala.) was
diluted 1:5000 in Wash Buffer and 100 ul added to each well
which were then incubated for 90 minutes at room tempera-
ture with shaking at 150 rpm. The plates were washed three
times with Wash Buffer and then incubated with peroxidase
substrate TMB (TMB peroxidase substrate, Kirkegaard &
Perry Laboratories, Inc., Gaithersburg, Md.) added, and the
plates were incubated 30 minutes at room temperature.
Change in optical density was monitored spectrophotometri-
cally at 450 nm using an ELISA reader (e.g., E-max,
Molecular Device Corp., Menlo Park, Calif.). In this assay,
the O.D. was directly proportional to the amount of anti-
rabbit CETP antibodies present in the plasma samples.

The results indicate that at three weeks post final boost
(and prior to administering the cholesterol supplemented
diet to Groups I and IV) six of the twelve vaccinated animals
(three from each of Groups I and II) produced antibodies that
reacted with the peptide derived from the endogenous rabbit
CETP sequence (See FIGS. 10A and 10B).

The data showed that the vaccine peptide was capable of
eliciting autoreactive antibodies to the rabbit endogenous
CETP. This indicates that the combination of the tetanus
toxoid T cell epitope and the B cell epitope of the carboxyl
terminal region of CETP is capable of breaking tolerance to
a specific self protein, i.e., in this case, endogenous rabbit
CETP.

Example 9

Cholesterol and HDL Levels in Plasma Samples of
Vaccinated Rabbits in Atherosclerotic Model

The plasma samples taken from rabbits of Groups in
Example 6 at various times (days) in the vaccination pro-
tocol were also assayed for the concentration of total cho
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lesterol (FIG. 11) and HDL-C (FIG. 12). Total plasma
cholesterol and HDL-C levels were determined using stan-
dard commercial assays (Wako Chemicals USA, Inc., Rich-
mond, Va.).

The plasma samples of Groups I (vaccinated) and IV
(non-vaccinated) showed an increase (hypercholester-
olemia) in total cholesterol due to administration of the
cholesterol supplemented diet (FIG. 11). Groups II (vacci-
nated) and III (non-vaccinated) did not exhibit diet-induced
hypercholesterolemia (FIG. 11).

Similarly, Groups I and IV fed the cholesterol supple-
mented diet showed an increase in HDL-C (FIG. 12).
Preliminary analysis of the data for Group 1, indicated that
the three animals with the highest anti-CETP antibody titers
also showed an increase in their levels of HDL-C compared
to pre-vaccination levels. The preliminary analysis also
indicated that in three of the five animals in Group 111, no
significant change in the levels of HDL-C were observed
compared to pre-vaccination levels.

Example 10

Measurement of Aortic Atherosclerotic Lesions in
Rabbits in a Cholesterol-Fed Model of
Atherosclerosis

Aortas were removed from all surviving rabbits (four in
Groups [ and 1V, five in Group II, six in Group III) after 17
weeks (Day 196 from primary vaccination) on cholesterol
supplemented diet in Groups I and IV and control diet (no
cholesterol supplement) in Groups II and III. Death of the
non-surviving rabbits was shown by necropsy to be due to
hair balls and not, therefore, experimental design. Each aorta
was opened for an enface view to examine for atheroscle-
rotic lesions. The full length of the aorta, i.e., from the aortic
arch in the heart to the bifurcation in the lower abdomen,
was stained with Oil Red O to detect lesions. The lesions
were measured and the data quantitated using a computer
program (The Morphometer, Woods Hole Educational Asso-
ciated, Woods Hole, Mass.).

The results in FIG. 13 of this analysis demonstrated a
statistically significant reduction in the size of lesions in
animals of Group I (vaccinated, cholesterol-supplemented
diet) as compared to the size of lesions in animals in Group
IV (non-vaccinated, cholesterol-supplemented diet). The
results showed that the peptide vaccine was capable of
reducing the area of atherosclerotic lesions in animals fed
cholesterol supplemented (hypercholesterolemic) diets by
greater than 50%. Non-vaccinated animals (Group 1V) had
lesions that covered an average of 45% of the total area of
the aorta, whereas vaccinated animals (Group I) had lesions
that covered an average of 19% of the total area of the aorta.

Although a number of embodiments have been described
above, it will be understood by those skilled in the art that
modifications and variations of the described compositions
and methods may be made without departing from either the
spirit of the invention or the scope of the appended claims.
The articles and publications cited herein are incorporated
by reference.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 9

<210> SEQ ID NO 1

<211> LENGTH: 26

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: C - terminal 26 amino acids of Human CETP

<400> SEQUENCE: 1

Arg Asp Gly Phe Leu Leu Leu Gln Met Asp Phe Gly Phe Pro Glu His
1 5 10 15

Leu Leu Val Asp Phe Leu Gln Ser Leu Ser
20 25

<210> SEQ ID NO 2

<211> LENGTH: 31

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: vaccine peptide of the invention

<400> SEQUENCE: 2

Cys Gln Tyr Ile Lys Ala Asn Ser Lys Phe Ile Gly Ile Thr Glu Phe
1 5 10 15

Gly Phe Pro Glu His Leu Leu Val Asp Phe Leu Gln Ser Leu Ser
20 25 30

<210> SEQ ID NO 3

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: helper T cell epitope of tetanus toxin

<400> SEQUENCE: 3

Phe Asn Asn Phe Thr Val Ser Phe Trp Leu Arg Val Pro Lys Val Ser
1 5 10 15

Ala Ser His Leu Glu
20

<210> SEQ ID NO 4

<211> LENGTH: 476

<212> TYPE: PRT

<213> ORGANISM: Homo Sapiens
<400> SEQUENCE: 4

Cys Ser Lys Gly Thr Ser His Glu Ala Gly Ile Val Cys Arg Ile Thr
1 5 10 15

Lys Pro Ala Leu Leu Val Leu Asn His Glu Thr Ala Lys Val Ile Gln
20 25 30

Thr Ala Phe Gln Arg Ala Ser Tyr Pro Asp Ile Thr Gly Glu Lys Ala
35 40 45

Met Met Leu Leu Gly Gln Val Lys Tyr Gly Leu His Asn Ile Gln Ile
50 55 60

Ser His Leu Ser Ile Ala Ser Ser Gln Val Glu Leu Val Glu Ala Lys

Ser Ile Asp Val Ser Ile Gln Asn Val Ser Val Val Phe Lys Gly Thr
85 90 95

Leu Lys Tyr Gly Tyr Thr Thr Ala Trp Trp Leu Gly Ile Asp Gln Ser
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-continued

100 105 110

Ile Asp Phe Glu Ile Asp Ser Ala Ile Asp Leu Gln Ile Asn Thr Gln
115 120 125

Leu Thr Cys Asp Ser Gly Arg Val Arg Thr Asp Ala Pro Asp Cys Tyr
130 135 140

Leu Ser Phe His Lys Leu Leu Leu His Leu Gln Gly Glu Arg Glu Pro
145 150 155 160

Gly Trp Ile Lys Gln Leu Phe Thr Asn Phe Ile Ser Phe Thr Leu Lys
165 170 175

Leu Val Leu Lys Gly Gln Ile Cys Lys Glu Ile Asn Val Ile Ser Asn
180 185 190

Ile Met Ala Asp Phe Val Gln Thr Arg Ala Ala Ser Ile Leu Ser Asp
195 200 205

Gly Asp Ile Gly Val Asp Ile Ser Leu Thr Gly Asp Pro Val Ile Thr
210 215 220

Ala Ser Tyr Leu Glu Ser His His Lys Gly His Phe Ile Tyr Lys Asn
225 230 235 240

Val Ser Glu Asp Leu Pro Leu Pro Thr Phe Ser Pro Thr Leu Leu Gly
245 250 255

Asp Ser Arg Met Leu Tyr Phe Trp Phe Ser Glu Arg Val Phe His Ser
260 265 270

Leu Ala Lys Val Ala Phe Gln Asp Gly Arg Leu Met Leu Ser Leu Met
275 280 285

Gly Asp Glu Phe Lys Ala Val Leu Glu Thr Trp Gly Phe Asn Thr Asn
290 295 300

Gln Glu Ile Phe Gln Glu Val Val Gly Gly Phe Pro Ser Gln Ala Gln
305 310 315 320

Val Thr Val His Cys Leu Lys Met Pro Lys Ile Ser Cys Gln Asn Lys
325 330 335

Gly Val Val Val Asn Ser Ser Val Met Val Lys Phe Leu Phe Pro Arg
340 345 350

Pro Asp Gln Gln His Ser Val Ala Tyr Thr Phe Glu Glu Asp Ile Val
355 360 365

Thr Thr Val Gln Ala Ser Tyr Ser Lys Lys Lys Leu Phe Leu Ser Leu
370 375 380

Leu Asp Phe Gln Ile Thr Pro Lys Thr Val Ser Asn Leu Thr Glu Ser
385 390 395 400

Ser Ser Glu Ser Ile Gln Ser Phe Leu Gln Ser Met Ile Thr Ala Val
405 410 415

Gly Ile Pro Glu Val Met Ser Arg Leu Glu Val Val Phe Thr Ala Leu
420 425 430

Met Asn Ser Lys Gly Val Ser Leu Phe Asp Ile Ile Asn Pro Glu Ile
435 440 445

Ile Thr Arg Asp Gly Phe Leu Leu Leu Gln Met Asp Phe Gly Phe Pro
450 455 460

Glu His Leu Leu Val Asp Phe Leu Gln Ser Leu Ser
465 470 475

<210> SEQ ID NO 5

<211> LENGTH: 1428

<212> TYPE: DNA

<213> ORGANISM: Homo Sapiens

<400> SEQUENCE: 5
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-continued
tgctccaaag gcacctcgca cgaggcaggce atcgtgtgcc gcatcaccaa gcctgcccte 60
ctggtgttga accacgagac tgccaaggtg atccagaccg ccttccagcg agccagctac 120
ccagatatca cgggcgagaa ggccatgatg ctccttggcc aagtcaagta tgggttgcac 180
aacatccaga tcagccactt gtccatcgcc agcagccagg tggagctggt ggaagccaag 240
tccattgatg tctccattca gaacgtgtct gtggtcttca aggggaccct gaagtatgge 300
tacaccactg cctggtggct gggtattgat cagtccattg acttcgagat cgactctgcce 360
attgacctcc agatcaacac acagctgacc tgtgactctg gtagagtgcg gaccgatgcce 420
cctgactget acctgtcttt ccataagetg ctcctgcatce tccaagggga gcgagagccet 480
gggtggatca agcagctgtt cacaaatttc atctccttca ccctgaaget ggtcctgaag 540
ggacagatct gcaaagagat caacgtcatc tctaacatca tggccgattt tgtccagaca 600
agggctgcca gcatcctttc agatggagac attggggtgg acatttccct gacaggtgat 660
cccgtcatca cagcectcecta cctggagtcec catcacaagg gtcatttcat ctacaagaat 720
gtctcagagg acctccccect ccccacctte tcgecccacac tgetggggga ctcccgcatg 780
ctgtacttct ggttctctga gcgagtcttc cactcgetgg ccaaggtage tttccaggat 840
ggccgcctca tgctcagcct gatgggagac gagttcaagg cagtgctgga gacctgggge 900
ttcaacacca accaggaaat cttccaagag gttgtcggceg gcttccccag ccaggcccaa 960
gtcaccgtcc actgcctcaa gatgcccaag atctcctgec aaaacaaggg agtcgtggtce 1020
aattcttcag tgatggtgaa attcctcttt ccacgcccag accagcaaca ttctgtaget 1080
tacacatttg aagaggatat cgtgactacc gtccaggcct cctattctaa gaaaaagctc 1140
ttcttaagcc tcttggattt ccagattaca ccaaagactg tttccaactt gactgagagce 1200
agctccgagt ccatccagag cttcctgcag tcaatgatca ccgectgtggg catccctgag 1260
gtcatgtctc ggctcgaggt agtgtttaca gccctcatga acagcaaagg cgtgagcctc 1320
ttcgacatca tcaaccctga gattatcact cgagatgget tcctgectget gcagatggac 1380
tttggettcce ctgagcacct gctggtggat ttcctccaga gecttgage 1428

<210> SEQ ID NO 6
<211> LENGTH: 496

<212> TYPE:
<213> ORGAN

PRT
ISM: rabbit

<400> SEQUENCE: 6

Cys Pro Lys
1

Lys Pro Ala

Thr Ala Phe

Val Met Leu
50

Ser His Leu
65

Thr Ile Asp

Leu Asn Tyr

Val Asp Phe
115

Gly Ala Ser Tyr Glu

5

Leu Leu Val Leu Asn

20

Gln Arg Al

a Gly Tyr
40

Leu Gly Arg Val Lys

Ser Ile Al
70

Val Ala Il
85

55

a Ser Ser

e Gln Asn

Ser Tyr Thr Ser Ala

100

Glu Ile As

p Ser Ala
120

Ala Gly Ile
10

Gln Glu Thr
25

Pro Asp Val

Tyr Gly Leu

Gln Val Glu

75

Val Ser Val
90

Trp Gly Leu
105

Ile Asp Leu

Val Cys Arg

Ala Lys Val
30

Ser Gly Glu

His Asn Leu
60

Leu Val Asp

Val Phe Lys

Gly Ile Asn
110

Gln Ile Asn
125

Ile Thr
15

Val Gln

Arg Ala

Gln Ile

Ala Lys

80

Gly Thr
95

Gln Ser

Thr Glu
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36

Leu

Leu

145

Gly

Leu

Ile

Gly

Ala

225

Val

Asp

Leu

Gly

Gln

305

Gln

Arg

Arg

Ile

Leu

385

Ala

Leu

Ile

Phe

Asn

465

Phe

<210>
<211>
<212>
<213>

<400>

tgtcccaaag gcgcctccta cgaggctgge atcgtgtgtc gcatcaccaa gcccgcccte

Thr

130

Ala

Trp

Ile

Met

Asp

210

Thr

Ser

Ser

Ala

Asp

290

Glu

Val

Gly

Pro

Thr

370

Leu

Asn

Thr

Ala

Thr

450

Pro

Gly

Cys

Phe

Leu

Leu

Ala

195

Ile

Tyr

Glu

Arg

Arg

275

Glu

Ile

Ala

Val

Asp

355

Thr

Asp

Leu

Glu

Thr

435

Ala

Glu

Phe

Asp

His

Lys

Lys

180

Asp

Gly

Leu

Ala

Met

260

Ala

Phe

Phe

Val

Val

340

Gly

Val

Phe

Ser

Ser

420

Val

Leu

Ile

Pro

DNA

SEQUENCE :

Ala Gly

Lys Leu
150

Gln Leu
165

Arg Gln

Phe Val

Val Asp

Glu Ser
230

Phe Pro
245

Leu Tyr

Ala Phe

Lys Lys

Gln Glu
310

His Cys
325

Val Ser

Arg Glu

Gln Ala

Gln Cys
390

Val Ala
405

Arg Ser

Gly Ile

Met Asn

Ile Thr

470

Lys His
485

SEQ ID NO 7
LENGTH:
TYPE :
ORGANISM:

1488

rabbit

7

Ser

135

Leu

Phe

Val

Gln

Ile

215

His

Leu

Phe

Gln

Val

295

Leu

Leu

Ser

Ala

Ser

375

Val

Leu

Glu

Pro

Ser

455

Leu

Leu

Val

Leu

Thr

Cys

Thr

200

Ser

His

Arg

Trp

Glu

280

Leu

Ser

Lys

Ser

Val

360

Tyr

Pro

Arg

Ser

Glu

440

Lys

Asp

Leu

Arg

His

Asn

Asn

185

Arg

Val

Lys

Ala

Phe

265

Gly

Glu

Arg

Val

Val

345

Ala

Ser

Ala

Thr

Leu

425

Val

Gly

Gly

Val

Thr

Leu

Phe

170

Glu

Ala

Thr

Gly

Phe

250

Ser

Arg

Thr

Gly

Pro

330

Ala

Tyr

Gln

Ser

Glu

410

Gln

Met

Leu

Cys

Asp
490

Asn

Gln

155

Ile

Ile

Ala

Gly

His

235

Pro

Asp

Leu

Gln

Leu

315

Lys

Val

Arg

Lys

Gly

395

Ala

Ser

Ser

Asp

Leu

475

Phe

Ala

140

Gly

Ser

Asn

Ser

Ala

220

Phe

Pro

Gln

Val

Gly

300

Pro

Ile

Thr

Phe

Lys

380

Arg

Lys

Ser

Arg

Leu

460

Leu

Leu

Pro

Glu

Phe

Thr

Ile

205

Pro

Thr

Gly

Val

Leu

285

Phe

Thr

Ser

Phe

Glu

365

Leu

Ala

Ala

Leu

Leu

445

Phe

Leu

Gln

Asp

Arg

Thr

Ile

190

Leu

Val

His

Leu

Leu

270

Ser

Asp

Gly

Cys

Arg

350

Glu

Phe

Gly

Val

Arg

430

Glu

Glu

Gln

Ser

Cys

Glu

Leu

175

Ser

Ser

Ile

Lys

Leu

255

Asn

Leu

Thr

Gln

Gln

335

Phe

Asp

Leu

Ser

Ser

415

Ser

Val

Ile

Met

Leu
495

Tyr

Pro

160

Lys

Asn

Asp

Thr

Asn

240

Gly

Ser

Thr

Asn

Ala

320

Asn

Pro

Ile

His

Ser

400

Asn

Leu

Ala

Ile

Asp

480

Ser
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38

-continued
ttggtgttga accaagagac ggccaaggtg gtccagacgg ccttccagecg cgccggctat 120
ccggacgtca gcggcgagag ggccgtgatg ctcctcggecce gggtcaagta cgggctgcac 180
aacctccaga tcagccacct gtccatcgcec agcagccagg tggagctggt ggacgccaag 240
accatcgacg tcgccatcca gaacgtgtcc gtggtcttca aggggaccct gaactacagce 300
tacacgagtg cctgggggtt gggcatcaat cagtctgtcg acttcgagat cgactctgcce 360
attgacctcc agatcaacac agagctgacc tgcgacgctg gcagtgtgcg caccaatgcce 420
cccgactget acctggettt ccataaactg ctcctgcacce tccaggggga gcegcgagccg 480
gggtggctca agcagctctt cacaaacttc atctccttca ccctgaaget gattctgaag 540
cgacaggtct gcaatgagat caacaccatc tccaacatca tggctgactt tgtccagacg 600
agggccgcca gcatcctctc agatggagac atcggggtgg acatttccgt gacgggggcece 660
cctgtcatca cagccaccta cctggagtcc catcacaagg gtcacttcac gcacaagaac 720
gtctccgagg cctteccececet cecgegectte cecgececggte ttetggggga ctcccgecatg 780
ctctacttect ggttctccga tcaagtgectc aactccctgg ccagggccge cttccaggag 840
ggccgtctecg tgctcagecct gacaggggat gagttcaaga aagtgctgga gacccagggt 900
ttcgacacca accaggaaat cttccaggag ctttccagag gccttcccac cggccaggcce 960
caggtagccg tccactgcct taaggtgccc aagatctcct gccagaaccg gggtgtcgtg 1020
gtgtcttctt ccgtecgeccgt gacgttccecge ttcecceccgee cagatggeccg agaagctgtg 1080
gcctacaggt ttgaggagga tatcatcacc accgtccagg cctcctactc ccagaaaaag 1140
ctcttecctac acctcttgga tttccagtge gtgccggcca gcocggaagggc aggcagctca 1200
gcaaatctct ccgtggccct caggactgag gctaaggctg tttccaacct gactgagagce 1260
cgctcecgagt ccctgcagag ctctctccoge tccctgateg ccacggtggg catcccggag 1320
gtcatgtctc ggctcgaggt ggcgttcaca gccctcatga acagcaaagg cctggacctc 1380
ttcgaaatca tcaaccccga gattatcact ctcgatgget gecctgetget gcagatggac 1440
ttcggttttc ccaagcacct gctggtggat ttcctgcaga gcctgage 1488

<210> SEQ ID NO 8
<211> LENGTH: 50

<212> TYPE:

PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: vaccine peptide of

<400> SEQUENCE: 8

Cys Gln Tyr Ile Lys Ala Asn Ser Lys Phe Ile

1

5

10

Phe Pro Arg Pro Asp Gln Gln His Ser Val Ala

20

25

Asp Ile Phe Gly Phe Pro Glu His Leu Leu Val

35

Leu Ser
50

<210> SEQ ID NO 9
<211> LENGTH: 50

<212> TYPE:

PRT

40

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: vaccine peptide

the invention

Gly Ile Thr Glu Leu

15

Tyr Thr Phe Glu Glu

30

Asp Phe Leu Gln Ser

45

of the invention
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40

-continued

<400> SEQUENCE: 9

Met Gln Tyr Ile Lys Ala Asn Ser Lys Phe Ile Gly Ile Thr Glu

1 5 10

Phe Pro Arg Pro Asp Gly Arg Glu Ala Val Ala Tyr Arg Phe
30

20 25

Asp Ile Phe Gly Phe Pro Lys His Leu Leu Val Asp Phe Leu

35 40 45
Leu Ser

50

Arg
15

Glu Glu

Ser

The invention claimed is:

1. A method for treating or preventing atherosclerosis in
a human or animal comprising administering to said human
or animal an antigenic vaccine peptide comprising a uni-
versal helper T cell epitope portion linked to a B cell epitope
portion, wherein said B cell epitope portion comprises a B
cell epitope of CETP.

2. The method according to claim 1, wherein said helper
T cell epitope portion comprises a helper T cell epitope
derived from an antigenic peptide selected from the group
consisting of tetanus toxoid, diphtheria toxoid, pertussis
vaccine, Bacile Calmette-Guerin (BCG), polio vaccine,
measles vaccine, mumps vaccine, rubella vaccine, purified
protein derivative of tuberculin, keyhole limpet hemocya-
nin, hsp70, and combinations thereof.

3. The method according to claim 1, wherein said B cell
epitope portion of the antigenic vaccine peptide comprises 6
to 26 consecutive amino acids of the carboxyl terminal 26
amino acids of human cholesteryl ester transfer protein
(SEQ ID NO:1).

4. The method according to claim 3, wherein the vaccine
peptide comprises the amino acid sequence of SEQ ID
NO:2.

20

25

30

35

5. The method according to claim 3, wherein the vaccine
peptide comprises a dimer of the amino acid sequence of
SEQ ID NO:2.

6. The method according to claim 1, wherein the mode of
said administration of said antigenic vaccine peptide is
selected from the group consisting of intraperitoneal admin-
istration, interperitoneal administration, intramuscular injec-
tion, intravenous injection, subcutaneous injection, and oral
administration.

7. The method according to claim 6, wherein said admin-
istration is comprised of one primary dose of said antigenic
vaccine peptide followed by one or more booster adminis-
trations of said vaccine peptide.

8. The method according to claim 1, wherein said anti-
genic vaccine peptide is formulated with a pharmaceutically
acceptable adjuvant.

9. The method according to claim 8, wherein said phar-
maceutically acceptable adjuvant is alum.

10. The method according to claim 1, wherein said
antigenic vaccine peptide further comprises an amino and/or
carboxyl terminal cysteine residue.

#* #* #* #* #*



